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TRANSPORT OF RADIONUCLIDES BY STREAMS

DISTRIBUTION OF RADIONUCLIDES IN BOTTOM SEDIMENTS OF THE
COLUMBIA RIVER ESTUARY

By D. W. HusseLL and J. L. GLENN

ABSTRACT

Radionuclides produced primarily by neutron activation of
naturally occurring stable elements and chemical additives in
nuclear-reactor coolant water are discharged into the Colum-
bia River at the Hanford Reservation of the U.S. Atomic
Energy Commission. In the river, the radionuclides associate
with sediment and biota or remain in solution and subse-
quently are distributed downstream throughout the river
system and the Columbia River estuary to the Pacific Ocean.
To provide information on the distribution of radioactivity
in the estuary, the physical and radiological character of the
streambed was investigated in 1965. Gross gamma radiation
was measured in situ, and surficial samples and cores were
obtained with specially designed equipment at 14 cross sec-
tions between Longview, Wash., near Columbia River mile
65.8, and the estuary mouth.

To facilitate data interpretation, the estuary is divided into
geomorphic classes termed “channels,” “slopes,” and “flats”
and into longitudinal divisions called fluvial, transitional, and
marine. Grouping data obtained within the same class and
division improves correlations significantly, but additional
classes are necessary.

In situ gross gamma radiation varies over a seventyfold
range and generally correlates with the total concentration
of individually measured radionuclides in surficial samples.
The most abundant radionuclides measured in samples from
the estuary are Cr51, Zn65, K40, Sci6, Rul06, Mn5¢, Co®0, and
Zr95-Nb%. Concentrations of Cr3! and Zn% in surficial sedi-
ment are approximately 6.2 and 2.2 times, respectively,
greater than the concentration of naturally occurring Ki0,
which averages about 14 picocuries per gram of sediment;
the other measured radionuclides are substantially less abun-
dant than K40, Radionuclide concentrations vary greatly from
place to place, and even when samples in common geomorphie
classes and longitudinal divisions are grouped, standard
deviations generally are so large that positive conclusions
relative to changes in individual radionuclide concentrations
along the estuary cannot be made with confidence. Chromium-
51, however, appears to increase relative to Zné> toward the
mouth of the estuary, and radionuclide concentrations are
generally higher on slopes and flats than in channels.

The stratigraphic distribution of radionuclides also varies
considerably. Radionuclides tend to be distributed to the
greatest depths in channels and on slopes and may extend
more than 60 inches below the bed surface. However, on the
average, 66 percent of the total amount of measured radio-

nuclides (excluding K4%9) is contained in the upper 8 inches
of the streambed. Ordinarily, highest concentrations are at
the surface or a few inches below. The total amount of
measured radioactivity (excluding K40) in the sediment col-
umn beneath the bed surface ranges from about 0.05 to 15
microcuries per square foot.

In the estuary as a whole, sediments in the channels are
coarsest, sediments on the flats are finest and have the most
positively skewed distributions, and sediments on the slopes
are intermediate in size and have the least skewed textural
distributions. Within each longitudinal division these same
trends exist; however, channel sediments are finest in the
transitional division and coarsest in the fluvial division. Sedi-
ments on slopes tend to have the same textural characteristics
throughout the estuary, but sediments on flats are finest in
the fluvial and marine divisions. Cores indicate that estuary
sediments are stratified, that a thin fine-grained layer caps
many cores that otherwise are essentially sand, and that vari-
ations in sediment texture with depth are large at some
locations.

Sediment composition influences the level of radioactivity to
a high degree. The total concentration of measured radio-
nuclides (excluding K40) increases as the sediment decreases
in size and becomes less well sorted and as the textural
distribution of the sediment becomes more skewed toward fine
material. Computations based on relations between mean
particle size and radioactivity in surficial sediment samples
indicate that Zn®% concentrations associated with individual
size separates decrease in a downstream direction.

An inventory of the amounts of radionuclides in the bed
was computed using maps that divide the estuary into nine
areas in which the level of radioactivity near the surface and
the stratigraphie distribution of radionuclides are similar.
In situ radioactivity and general relations among radionuclide
content, geomorphic expression, and sediment composition
were used in preparing the maps. The inventory shows that
at the time of the survey (June 1965) the amount of mea-
sured radionuclides (excluding K%0) was 8,700 curies and
consisted of 5,300 curies of Cr5l, 2,100 curies of Zn65, and
1,300 curies of other activation products and fallout. The
estuary appears to contain about one-quarter of all the
radionuclides in the reservoir (river, estuary, and ocean)
below Vancouver, Wash. Approximately 15, 48, and 37 percent
of the total amount of measured radionuclides is in the
marine, transitional, and fluvial divisions, respectively, and
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channels, slopes, and flats contain 28, 36, and 41 percent of
the total amount, respectively. The distributions of Zn65 and
Cr51 are about the same as the distribution of total measured
radionuclides except that, proportionately, slightly more Zn®s
is in the transitional division.

Within the context of simplifying assumptions, the amount
of Zn% in the estuary and Zn® transport rates at Vancouver
were used in a mass-balance equation to estimate the percent-
age of fine sediment (finer than 62 microns) retained in the
estuary. The calculations indicate that on an annual basis
about 30 percent of the fine sediment that enters the estuary
may be retained there. Mean particle velocities, computed
from the longitudinal attenuation of Zn%5 concentrations and
Zn%5/Co0 ratios, appear to be several times too high. This
suggests that factors other than decay influence the concen-
tration of radionuclides in surficial sediment. Alternating
erosion and deposition, presumed to occur at most core
sampling sites, precluded computations of meaningful deposi-
tion rates from changes in radionuclide ratios with depth;
however, the rate determined for one core collected in an
area where fine sediment may have been depositing more or
less continuously was 3.4 inches per year.

This study indicates that data on geomorphic expression
and sediment composition can be combined with a knowledge
of the character of actual or contemplated radioactive wastes
to predict the probable spatial distributions of radioactivity
in estuaries.

INTRODUCTION AND ACKNOWLEDGMENTS

The Columbia River estuary serves as a repository
for radionuclides derived partly from nuclear fall-
out throughout the Columbia River drainage basin
and partly from low-level radioactive wastes dis-
charged into the river at the U.S. Atomic Energy
Commission’s Hanford Reservation near Richland,
Wash. (fig. 1). The low-level wastes, which are by
far the most important source, are produced pri-
marily by neutron activation of chemical constituents
in treated Columbia River water that is used to
cool the nuclear reactors at the reservation. Much
of the waste decays within a relatively short time
(Foster, 1964); however, there are detectable
amounts of longer lived radionuclides. Once radio-
nuclides are discharged into the river they may re-
main in solution or become associated with sediment
or biota. Regardless of their immediate fate, the
radionuclides subsequently are dispersed and trans-
ported downstream. Mainly as a result of uptake
and transport by sediment, radionuclides become
distributed throughout the streambed to the Pacific
Ocean. General levels of radionuclide content with-
in the body of the flow have been monitored at
various locations along the river by Hanford radio-
logical health groups and by Washington and Oregon
State agencies since the outset of reactor operations
in 1944. However, investigations dealing with phe-
nomenological aspects of radioactivity in the en-
vironment initially were confined mainly to reaches
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of the river in the vicinity of the Hanford Reserva-
tion.

In 1962, the U.S. Geological Survey, in coopera-
tion with the U.S. Atomic Energy Commission,
undertook a detailed investigation of the uptake,
transport, and release of radionuclides in the reach
of the Columbia River between Pasco, Wash., and
Longview, Wash (fig. 1). The Richland Operations
Office of the Atomic Energy Commission and one
of its prime contractors, General Electric, cooperated
in the investigation by arranging for and perform-
ing radiochemical analyses and by providing scien-
tific expertise. The services originally provided by
General Electric later were furnished by Battelle
Memorial Institute when operation of the Hanford
laboratories was transferred.

Late in 1963, the Geological Survey, also in co-
operation with the Atomic Energy Commission,
began a separate, but related, investigation of radio-
activity in the Columbia River estuary. The purpose
of the investigation was to study the disposition
and movement of radionuclides in estuarine environ-
ments. In particular, information was desired on
(1) the spatial and temporal distribution of radio-
nuclides; (2) the influences that complex circula-
tion and sedimentation patterns created by salinity
intrusion, tidal action, channel geometry, and vari-
able fresh-water flow have on the transport of radio-
nuclides; and (8) the important processes involved
during the movement of radionuclides from the
fluvial environment to the ocean.

As a part of the estuary investigation, a survey
was made in June 1965 of radionuclides in the
streambed between the mouth and Longview. This
report presents the results from the survey. At the
outset it was apparent that the concentration of
radionuclides was related to the composition of the
sediment and that a knowledge of the distribution
of one would aid in inferring the distribution of
the other. For this reason, data on both radioactivity
and sediment composition were obtained during the
survey. In this report, data have been used to
define the areal and stratigraphic distribution of
radionuclides and sediment and to determine rela-
tionships among radioactivity, geomorphic expres-
sion, and physical characteristics of the sediment.
This information provides the basis for a generalized
qualitative description of the distribution of radio-
nuclides in the estuary. The distributions and
relations also have been utilized to inventory the
amounts and species of radionuclides in the estuary
bed at the time of the survey. The amounts, in turn,
provide a basis for some generalizations about sedi-
ment transport.
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FIGURE 1. — Columbia River estuary. Flags show Columbia River mile. River mile 0 is on line with ends of north and south
jetties.

All radiochemical analyses presented in this report
were performed by the Battelle-Northwest Radio-
logical Chemistry and Technical Analysis Sections
under the direction of Dr. Julian M. Nielsen. Dr.
Jack L. Nelson, as well as others at Battelle-North-
west, performed the difficult task of devising sample-
handling and sample-analysis techniques for
counting the extremely low level brackish-water
samples. In addition, Drs. Nielsen and Nelson and
Mr. R. W. Perkins contributed valuable advice con-
cerning the design of an in situ counting system. The
work was performed on behalf of the Division of
Reactor Development and Technology, U.S. Atomic
Energy Commission.

THE COLUMBIA RIVER ESTUARY
DESCRIPTION OF THE ESTUARY

The Columbia River estuary (fig. 1), for purposes
of this investigation, is defined as beginning near
Longview, Wash., which is about CRM (Columbia
River mile) 65.8, and as extending to a line between
the outer ends of the north and south jetties
(CRM 0) at the mouth. The upper end of the estuary

approximately coincides with the farthest upstream
point of flow reversal during periods of low upland
river flow.

Based on long-term records (1878-1967) for the
Columbia River at The Dalles, Oreg. (fig. 1, CRM
189; U.S. Geol. Survey, 1968), the average dis-
charge of the Columbia River at Vancouver, Wash.
(CRM 107), is about 200,000 cfs (cubic feet per
second). For the period 1963-67, the daily flow at
Vancouver ranged from 78,900 to 675,000 cfs (U.S.
Geol. Survey, 1968). Low flows occur from October
through March, and high flows from April through
July. During this survey (June 14-28, 1965), the
discharge at Vancouver averaged about 500,000 cfs
(U.S. Geol. Survey, no date).

Tides in the Columbia River are of the mixed type
characteristic of the Pacific Coast (two high waters
and two low waters, all of different heights, during
each lunar day). At the mouth, the mean tidal range
(U.S. Coast and Geodetic Survey, 1964, p. 172-173)
is 5.6 feet, and the diurnal range is 7.5 feet. At
Longview, the mean tidal range and the diurnal
range are 3.3 and 4.0 feet, respectively. Tides affect
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Columbia River stages as far upstream as Bonne-
ville Dam (CRM 140) during periods of low upland
river flow.

Cold saline water from the ocean intrudes the
lower part of the estuary. The nature of the saline
water—fresh water circulation in the estuary is such
that Neal (1965, p. 25-26), using the system of
Pritchard (1952), classified the estuary as a type B
(partially mixed) estuary with a tendency to be
well mixed during some flow and tidal conditions.
A partially mixed estuary is one in which exchange
between the relatively saline water near the bottom
and the relatively fresh water near the top produces
a vertical salinity gradient that varies more or less
constantly with depth and a longitudinal salinity
gradient that increases in the seaward direction.
During low upland river flow the presence of saline
water near the estuary bottom can be detected as
far upstream as Harrington Point, Wash. (CRM
23) ; however, as the upland river flow increases,
the length of the saline-water intrusion is propor-
tionately reduced (Lockett, 1967). During the time
of the survey reported herein, bottom water with
significant salinity probably intruded no farther up
the estuary than about Astoria, Oreg. (CRM 14).

The spatial and temporal distribution of saline
water, the circulation and sedimentation patterns,
and the influence of waves and tides tend to divide
the estuary into areas where physical, chemical, and
biological processes are significantly different. Sea-
ward from about CRM 7-8 the environment is
basically marine, and landward from about CRM
23 the environment is fluvial; the environment in
the intervening area is transitional.

The Columbia River estuary may be divided into
two geomorphically distinct parts. In the upper part
(pl. 1), between Longview and Aldrich Point, Oreg.
(CRM 31), the estuary lies between steep valley
walls that are about 1.7 to 8.4 miles apart. The
Columbia River occupies a main channel that
ranges from about 0.4 to 1 mile in width at mean
lower low water during low upland river flows. In
addition, small channels, the largest of which are
Cathlamet and Clifton Channels, and smaller
sloughs, such as Wallace, Bradbury, and Fisher
Island Sloughs, range from about 0.1 to 0.6 mile
in width and carry river flow around six large
permanent islands. Puget Island, the largest, is
about 1.7 miles wide and 5.1 miles long and is used
extensively for agricultural purposes. The remain-
ing permanent islands are used chiefly for grazing
during low-water periods, as are extensive flood
plains adjacent to the river.

Below Aldrich Point (pl. 2), the estuary broadens
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to a maximum width of about 9.4 miles in the
vicinity of Harrington Point. The minimum width
in the lower part of the estuary is about 3.8 miles
near Astoria. The valley walls are less steep than
in the upper part, and four major embayments (pl.
2) — Youngs Bay, Baker Bay, Cathlamet Bay, and
Grays Bay — extend from the estuary proper into
stream valleys draining the adjacent highlands.
Flow in the lower part spreads over the entire
estuary at high tide but is mainly confined to a
channel along the north side and to the south, or
main navigation, channel (shown by dashed lines
on pls. 1 and 2) . Extensive areas of the estuary near
the upper end of the lower part where the estuary
is widest are occupied by semipermanent, diurnally
inundated, vegetated islands. Equally large areas of
nonvegetated islands appear throughout the lower
part of the estuary during periods of low tides.

RADIONUCLIDES IN THE COLUMBIA RIVER

At Vancouver (CRM 107), approximately 96.5
percent of the total radionueclide discharge is Cr®
(chromium-51) ; 2.3 percent is Zn% (zinc-65) ; and
the remaining 1.2 percent includes a variety of other
radionuclides (Foster, 1964, p. 13). Measurable
amounts of P32 (phosphorus-32), Sc*® (scandium-
46), Mn>* (manganese-54), Co"® (cobalt-568), Fe®®
(iron-59), Co% (cobalt-60), Sr* (strontium-90),
Zr9-Nb?% (zirconium-95-niobium-95), Ru'*¢ (ruthe-
nium-106), Sb!2* (antimony-124), I3t (iodine-
131), Cs®®" (sesium-137), Ba'*® (barium-140), Ce'#!
(cerium-141), and Np2?** (neptunium-239) have been
reported at Vancouver (Foster, 1964 ; Haushild and
others, 1966; W. L. Haushild, written commun.,
1968). Radionuclide discharges depend on the oper-
ations at Hanford and on river flow. Foster (1964)
reported that in calendar years 1961, 1962, and 1963,
the annual mean daily discharges of Cr and Zn® at
Vancouver were 840, 44; 650, 29; and 860, 28 curies
per day, respectively, and W. L. Haushild (written
commun., 1968) computed comparable discharges for
1964 as 1,100 and 18 curies per day. Nelson, Perkins,
Nielsen, and Haushild (1966) studied short-term
variations and found that at Vancouver in 1964
daily discharges of Zn% and of several other radio-
nuclides were more than 10 times greater in June
than they were in September. They attributed the
high discharges in June to the resuspension and
transport of sediment by the spring freshet. During
June, the Zn® transported by particulate matter
(>0.45 micron) was about 97 percent of the total
Zn®% discharge; at other times of the year, the per-
centage was less and was as low as 48 percent in
December. Other radionuclides that tend to associate
with particulate matter (Sc*¢, Mn>4, Fe", Co®, and
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FIGURE 6. — Sand-silt-clay relations for surficial sediment samples from the estuary. Texture classes are those of Shep-

ard (1954). All samples with any gravel-size material are excluded from the triangle diagram and are considered

to be in the gravel-texture class.

whether sediment texture changes along the estuary
in response to the changing hydrologic regime. This
might be done by comparing among cross sections
averages of selected textural statistics of all samples
from a cross section. However, because the texture
is variable and the sampling density is low, cross-
section averages are not highly meaningful in terms
of the stated objective. The assignment of samples
into classes within each cross section and the group-
ing of cross sections seem to be a reasonable alter-
native.

Selected particle-size-distribution statistics for
each sample are plotted in figures 7 to 13, and each
sample is shown in its correct position relative to
adjacent samples in the cross section. Inspection of
these data indicates that part of the within-cross-
section textural variance can be eliminated if cross-
section samples are divided into three classes. These
classes are called ‘“‘channels,” “slopes,” and ‘“flats.”
With data from subsequent studies, it is anticipated
that additional classes (or divisions of the above
classes) will be recognized.

As indicated by class names, geomorphic criteria
are used to identify and delineate classes. Channels
are areas where flow usually is conveyed continually,
alternately upstream and downstream. They form a

continuous interwoven network throughout the estu-
ary and are bound laterally by slope areas. Usually
channels are the deepest parts of a cross section and
have flat or gently sloping transverse bed profiles.
Slopes are areas that are adjacent to the channels
on one side and are usually bound by either the
shore or a flat on the other side. They are character-
ized by a relatively steep transverse bed slope. Flats
are areas that are perpetually shallow or periodically
inundated and are areas where flow velocities and
bed slopes usually are low. Many flats are bound
completely by slope areas; however, others lie be-
tween slope areas and the shore.

Average values of M, (mean grain diameter, in
phi notation), ¢4 (deviation measure, in phi units),
and a4 (skewness measure, in phi notation) for
samples from the classes (channels, slopes, and
flats) in each cross section and throughout the
estuary are shown in table 1 and plotted in figure
14. These data serve not only to indicate the
textural characteristics of the geomorphic classes
but also to suggest changes that occur longitudi-
nally in the estuary. The data show that channel
samples, as a group, are coarse, are moderately
well sorted (relatively low values of oy), and tend
to have negatively skewed distributions (skewed
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TABLE 1. — Average values of My, a4, and ars (in phi notation) for various geomorphic classes at cross sections in the estuary

Geomorphic class

Sross Channels Slopes Flats Al
river Number Number Number Number
mile of Mo o4 e o M os g of Mo o g of Ms o e
samples samples samples samples
2 2 2.00 0.26 —0.10 2 2.99 1.08 0.37 0 4 2.46 0.67 0.14
6 5 2.47 .98 12 3 2.09 .34 .08 8 3.99 1.31 0.34 16 3.16 1.03 .22
14 4 2.76 .94 .10 6 2.68 2 .05 3 2.31 .32 .06 13 2.62 .70 07
18 5 2.81 .96 11 4 2.25 14 —.06 3 1.78 .56 .01 12 2.36 79 .03
23 5 2.23 1T .00 8 2.70 .62 .04 4 3.03 .68 A7 17 2.64 .68 .06
27 3 1.77 .49 —.14 9 3.29 1.29 .10 3 2.55 .37 .06 15 2.84 .95 .04
31 5 2.16 14 .10 2 2.24 .68 —.11 2 2.66 .52 —.01 9 2.29 .68 .03
38 4 1.18 1.04 .08 5 2.72 91 A7 3 2.41 .13 .19 12 2.13 91 .14
42 6 2.14 .61 .02 4 1.79 .62 —.03 4 4.47 1.52 .14 14 2.71 .87 .04
47 4 1.48 .45 —.08 4 1.48 .43 —.04 2 2.38 .56 .14 10 1.66 .46 —.02
50 4 .68 .62 —.06 5 2.14 .50 —.01 1 2.07 .33 .16 10 1.55 53 —.01
54 3 1.59 .65 —.22 4 3.47 1.14 17 1 2.50 .31 .08 8 2.64 .85 .02
59 6 1.05 87 —.22 2 .36 1.38 —.46 6 3.92 1.34 23 14 2.18 1.15 —.06
64 2 1.20 .62 —.25 5 2.45 .74 .02 0 7 2.09 .70 —.05
Average 158 1.87 .75 —.02 163 2.49 .81 .04 140 3.18 .90 17
1Total.

toward coarse particles). Samples from the flats
represent the other extreme; that is, they are fine,
are more poorly sorted (higher values of ¢s), and
have positively skewed distributions (skewed to-
ward fine particles). Samples from the slopes are
intermediate in all respects.

The plot of the variation of particle-size statis-
tics with sample location (fig. 14) suggests several
trends, some of which may be more apparent than
real. For samples from the channels, M, increases
(samples become finer), oy remains relatively un-
changed, and oy, becomes positive or less negative
(distributions become less skewed toward coarse
particles) from the head to the mouth of the estu-
ary. The textural characteristics of samples from
the slopes and flats show no readily apparent signifi-
cant trends along the estuary.

Some rather large among-cross-section variations
in textural statistics of samples from the same geo-
morphic class are evident from the plots in figure 14.
Because of the limited number of samples available
from each cross section, it was not possible to de-
velop a more elaborate and meaningful environmen-
tal classification. As a result, at one cross section,
using data from the channels class as an example,
most samples may have been obtained in a large,
main channel; whereas, at another cross section,
most samples may have come from one of the smaller
channels. With more data, it seems likely that addi-
tional significant and mappable geomorphic classes
can be delineated.

Because it was evident that too few samples (table
1) from some cross sections were analyzed, data
from adjacent cross sections were combined to obtain

TABLE 2. — Summary of textural statistics of surficial sediment samples grouped according to geomorphic class and longi-
tudinal division

Particle size statistic, in phi notation

s e . N
L‘ggg;;gj‘:mﬂ Ge"é?"s"sphlc u(r:;ber Mean grain diameter (M) Deviation measure (o3) Skewness measure (a;4)
a
samples
Range Average get‘?;dt?:g Range Average get'va;dggg Range Average g:?,?;lg::
§ All samples
Fluvial 37  —2.97 to 5.30 1.51 1.34 0.22 to 2.72 0.69 0.53 —0.77 t0 0.35 —0.07 0.21
40 —.47 to 6.35 2.46 1.52 .30 to 2.56 .88 .62 —.52 to .63 .03 .23
22 1.36 to 7.08 3.22 1.56 .31 to 2.67 .92 T4 —.J14to .70 .14 .21
99 —2.97t07.08 2.27 1.59 .22 to 2.72 .82 .62 —77to .70 .02 .23
Transitional 14 .97 t0 5.03 2.58 1.45 .25 to 2.13 .89 .66 —.30to .55 .07 .24
18 1.04 to 5.17 2.59 1.12 .22 to 1.87 .68 .46 —.33to .40 .02 .19
10 1.07 to 5.23 2.44 1.11 .30 to 1.41 .54 .34 —.10 to .39 .09 .16
42 .97 to 5.23 2.55 1.31 .22 to 2.13 72 .52 —.33to .55 .05 .20
1 1.55 to 5.60 2.33 1.46 .26 to 3.06 7 1.02 —.13 to .42 .06 .18
5 1.90 to 3.81 2.42 78 .26 to 1.85 .64 .68 —.07to .81 .19 .36
8 2.03 to 5.95 3.99 1.41 .21 to 2.10 1.31 .68 —.10 to .80 .34 .27
20 1.55 to 5.95 3.02 1.48 .21 to 3.06 .96 .83 —.13 to .81 .20 .28
Samples with no extreme values!

33  —0.83 to 2.49 1.51 0.66 0.32 to 1.48 0.62 0.32 —0.32 to 0.32 —0.06 0.14
36 .84 to 5,27 2.42 1.18 .33 to 2.36 .88 .58 —.40to .38 .03 .18

20 .31 to 1.67 .75 .52

11 . .25 to 2,11 .70 .50

16 1.04 to 3.74 2.29 72 22 t0 1.31 57 .30

8 1.07 to 2.54 2.01 .46 .30 to .65 .41 .15

Marine................Channels.......... 5 1.55 to 2.02 1.74 .24 26 to .49 .36 11
Slopes. 4 1.90 to 2,23 2.08 .14 .26 to .43 .34 .07 —.07to .18 .04 11

IDash leaders in columns indicate that no samples with outlying values were detected.
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more statistically significant results. The results
from one type of combination are shown in table 2.
For this combination, the three cross-section classes
previously discussed (channels, slopes, flats) were
retained, and three longitudinal divisions were estab-
lished. The longitudinal divisions are termed “ma-
rine,” ‘““transitional,’”” and ‘““fluvial” after the
presumed dominant processes in each division. Al-
though the locations of the boundaries between the
divisions are somewhat subjective and vary during
the year as upland flow and tides vary, for purposes
of this report samples from cross sections near CRM
2 and 6 are considered as coming from the marine
division ; samples from cross sections near CRM 14,
18, and 23 are from the transitional division; and
samples from the remaining cross sections are from
the fluvial division. Whereas the actual boundaries
between longitudinal divisions during the time of the
survey may have been located differently, the boun-
daries selected above are probably more realistic in
terms of the processes dominating through the year.
Several observations about textural characteristics
of channels, slopes, and flats in marine, transitional,
and fluvial divisions can be made from the data in
table 2. Within each division: (1) Channels gen-
erally contain the coarsest sediment (lowest My) ;
(2) flats have sediment that generally is the finest
(highest M) and has the most positively skewed
(highest ai4) size distribution; (3) slopes generally
have sediments with particle sizes that are inter-
mediate with respect to M; and have the least
skewed (a1 nearest 0) size distribution; and (4)
sediments in all three classes are moderately well
sorted. Among divisions: (1) Channel sediments in
the marine division are finer and have size distribu-
tions that are more positively skewed than channel
sediments in the fluvial division; (2) channel sedi-
ments in the transitional division tend to be finer
than channel sediments in either the marine or the
fluvial divisions; (3) slope sediments tend to have
the same textural characteristics throughout the
estuary, but they may become slightly better sorted
(more uniform) toward the estuary mouth; and (4)
on flats, sediments are finer in the fluvial and marine
divisions than in the transitional division, where
extensive sand flats occur. When data for all samples
in each of the three major divisions are averaged
(table 2), it appears that in going from the fluvial
into the marine division, estuary sediments become
finer and probably more poorly sorted, and their size
distributions become more positively skewed.
Inspection of the ranges and standard deviations
for the textural statistics given in table 2 shows that
textures are quite variable within each geomorphic

L19

class and indicates the need for additional environ-
mental classes.

The effect on averages and standard deviations of
eliminating extreme values is shown in the lower
part of table 2. For the channels and slopes classes
in the fluvial division, the two highest and the two
lowest values of each size statistic were arbitrarily
eliminated, and new averages and standard devia-
tions were computed. For the flats class in the fluvial
division and for all geomorphic classes in the other
divisions, a statistical test (Li, 1964, p. 548-552)
was employed to detect outlying values. If outliers
were present, they were eliminated, and the averages
and standard deviations were recomputed from data
for the remaining samples.

The statistical test, although applied to both high
and low extreme values (inapplicable to both simul-
taneously), usually indicated that low values of each
size statistic were not outliers; thus, the overall effect
of eliminating outlying values was to decrease, al-
though generally only slightly, average values (table
2). However, the effect on standard deviations of
eliminating extreme values was quite pronounced,
and in some instances, standard deviations were
reduced more than 50 percent (table 2). Although
fairly large ranges and deviations still remain and
suggest that additional environmental classes could
be delineated, the above data would seem to indicate
that geomorphic expression can be useful in mapping
environments which have sediments that differ in
texture.

The removal of outlying values generally had little
effect on relative textural trends previously described
among classes and among divisions. In some in-
stances, the trends of the sediments on the flats and
slopes were interchanged as a result of removing
extreme values; in no case, however, were complete
reversals of trends noted.

CORES

Textural characterization of sediments in cores is
both qualitative and quantitative. Immediately after
the cores were collected, qualitative appraisals of
gross physical characteristics were made. After the
field appraisals, the cores (still in plastic liners)
were frozen in a styrofoam-lined box that contained
dry ice. The cores were then transported to the lab-
oratory, where they were kept frozen until they
could be processed. As soon after collection as pos-
sible, each core was removed from cold storage, and
the core and liner were cut into 1- or 2-inch seg-
ments. After thawing, each segment was extruded
from the liner, trimmed around the margins to re-
move sediment that possibly was stratigraphically
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TABLE 3. — Qualitative aspects of estuary cores

Core
number

Approximate
water
depth
(feet)

Total
core
length
(inches)

Geomorphic position

Sediments

Remarks

C3

Ccé

C366

C367
and
C3671

C368

C369

C370

C371

C372

C373

C376

C376

C377

C378

C379

C380

C381

C382

36

15

18

17

17

40

14

7

110

31

14

18

16

23

65

62

11

41
41

69

47

40

50

54

47

52

65

63

63

58

47

64

23

See footnote at end of table.

On slope near entrance of Youngs
River into Columbia River. Pos-
sibly in area of active deposition
of Youngs River sediment.

Exact position unknown. Possibly
on slope or flat in embayment
below Grays Point.

On gentle slope or fiat marginal
to main Columbia River chan-
nel. In general slack-water area
near confluence of Columbia and
Youngs Rivers.

On irregular slope marginal to
main Columbia River channel.
Possibly in area of dredge-spoil
accumulation.

On or mnear boundary between
small channel and steep slope.
In general slack-water area near
confluence of South Channel with
Prairie and North Channels in
Cathlamet Bay.

On steep slope leading from small
channel to adjacent fiat near
Harrington Point.

On irregular gentle slope leading
from a flat to a deep channel
near Grays Point. Possibly in
small channel running parallel
to the slope.

On slope leading from shallow to
deep portion of the North Chan-
nel just above Astoria Bridge.

On flat in Youngs Bay adjacent to
Youngs River channel.

In small channel with sandbar
across the head end and with
essentially impounded flow.

On margin of Clifton Channel.
Possibly in area of small dunes
near Aldrich Point.

In small slough along north side
of Tenasillahe Island. Possibly
in small dune area.

On gentle point-bar slope. Possibly
in an area of small dunes.

In small channel with sandbar
across lower end. Essentially a
““dead” channel.

On gentle slope or flat near mar-
gin of Clifton Channel.

Exact position unknown. Probably
in area of recent deposition
downstream from new groin.

On fiat adjacent to small slough
in which flow has been restricted
by relatively new river-control
structures.

On crest of 7-foot dune in Cath-
lamet Channel.

Well-stratified fine sand that be-
comes finer with depth. Lower
one-third of core consists of
layers of gray-black, often ecar-
bonaceous silt with fine-sand
interbeds.

‘Well-stratified brown to gray-black
fine sands and sandy silts that
grade downward to sandy and
clayey silts.

Well-stratified blue-black silts and
sandy silts.

Irregularly stratified brown to gray
sands and silts. Strata not evi-
dent in upper part, with the
exception of a fine-grained top
layer.

‘Well-stratified green to gray sands
and silts. Fine-grained gray-
green top layer.

Well-stratified gray to gray-black
sandy silts and silty sands near
the surface and at depth, sepa-
rated by middle zone of sand
with small amounts of silt.

Thin brown fine-grained top layer
over stratified brown sands.

Fine-grained gray-black top layer
overlies 2-foot-thick zone of gray-
green sands that overlie well-
stratified silts and sands.

Fine-grained brown top layer over
reddish-brown stratified sands
that become mottled and gray
below about the 12-inch depth.

Well-stratified gray-green sands

and silty sands.

Brown medium sand with silty top
layer.

Gray-green fine sand with silty
sand top layer. Strata are pres-
ent but not sharply defined.

Gray-green to gray-black fine to
very fine sands with interlayered
silt beds. Strata well defined.

Well-stratified gray-black sandy
silts overlying uniform fine sands
that coarsen with depth.

Well-stratified gray-black silts and
brown sands.

Fine brown sands with scattered
silt layers and a silty cap layer.

Well-stratified brown sands and
gray-black silts.

Clean brown medium sand. Strata
not evident.

Organic material is abundant in
well-defined layers.

Abundant brown and black flbrous
organic material in distinct lay-
ers as well as isolated fragments.

Abundant thin layers of brown to
black organic material scattered
throughout the core. Sediments
are very moist and are “soupy’
in behavior.

Layers of brown organic matter,
often associated with gravel-size
pumice, occur in lower part of
core. Some evidence of burrow-
ing-organism activity in lower
part.

Layers of organic matter are com-
mon.

Organic matter common in bed-
ding planes. Broken and whole
clam shell fragments scattered
throughout the core. Sandy part
of core shows evidence of activ-
ity of burrowing organisms.

Organic fragments are scattered
throughout core. Layers of pum-
ice fragments are found.

Organic-matter layers and scat-
tered flakes are abundant.

Black and brown layers and par-
ticles of organic matter are com-
mon. Evidence of burrowing or-
ganisms and reworked sediments
in basal part of core. One clam
shell observed near top of core.

Most strata related to layered
accumulation of organic matter.

Strata in sand are not distinct
except where caused by rare
organic layers.

Organic matter occurs as scattered
fragments.

Organic-matter layers common.

Organic-matter layers common in
upper part of core. Scattered
organic particles oceur in lower
part.

Organic-matter layers widespread.

Organiec matter rare.

Many layers of brown organic
fragments throughout core. Some
indication of sediment disruption
by burrowing organisms.

Organic matter absent.
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TABLE 4. — Summary of average textural characteristics of cores from the estuary

Particle-size statistic, in phi notation

Textural distribution, in percent

Numb. Mdean grain Deviation Skewness
umber iameter measure measure ;
Core of (M) (og) (t1g) Gravel Sand Silt Clay
number  segments Stan- Stan- Stan- Stan- Stan- Stan- Stan-
analyzed Aver- dard Aver- dard Aver- dard Aver- dard  Aver- dard Aver- dard  Aver- dard
age devi- age devi- age devi- age devi- age devi- age devi- age devi-
ation ation ation ation ation ation ation
C366 14 4.85 0.46 1.30 0.36 0.09 0.02 27 15.7 67 15.4 6 17.1
C367 7 2.02 .33 .55 17 .01 .25 94 6.0 4 3.9 2 1.9
C3671 3 2.60 1.30 1.00 .30 .06 .51 88 20.2 9 15.6 3 14.6
C368 8 3.58 .52 79 41 .23 .23 79 16.6 18 14.1 3 2.5
C369 8 3.56 1.05 1.00 .56 .16 .14 74 25.5 22 21.6 4 3.9
C370 5 1.31 .45 .83 .30 —.24 27 5 6.2 95 6.2 -
C3171 7 3.12 1.38 1.44 1.41 29 42 83 15.9 13 12.6 4 3.5
C372 6 2.69 .22 42 17 .15 .19 96 6.0 3 12.6 1 2.1
C3173 5 3.54 .43 .57 .34 21 .19 84 15.7 15 14.1 1 1.7
C375 7 1.84 .38 N4 .19 11 14 1 1 99 1.6 .
C3176 T 2.68 .10 .38 07 12 12 99 .9 1 .9
C317 7 3.50 .83 .82 55 24 .16 81 20.8 16 17.1 3 3.8
caT8 {26 4.78 1.06 1.29 A1 22 16 38 31.4 54 28.0 8 3.5
34 2.29 .64 .51 .19 .02 .08 100 0
C379 9 3.24 57 ] .41 .24 25 88 11.4 10 9.4 2 2.0
C380 7 2.54 25 .44 12 .09 .11 97 4.5 2 3.8 1 .8
C381 9 3.96 12 .89 .43 .22 .21 64 27.9 32 24.6 4 3.3
€382 5 1.24 a1 58 07 —.06 .01 1 8 98 2.0 1 1.8
C383 12 7.00 .20 2.03 a7 .04 .07 6 4.2 64 3.6 30 1.0
C384 4 1.82 39 .49 11 —.06 .07 100 0
C385 4 2.30 .19 .31 .06 .02 12 98 4.0 2 4.0
C386 5 1.76 17 .45 .09 —.05 .08 100 0
C387 5 2.82 .95 1 .78 70 15 87 25.4 11 21.5 2 3.9
C3871 3 3.10 1.53 .80 91 .02 .09 78 37.5 18 31.8 4 5.8
C388 13 6.39 .87 2.57 .53 .13 .28 13 7.5 61 11.7 26 9.8
C389 2 2.13 0 .22 0 —.06 0 100 0

1Excludes segments with poorly defined or missing size statistics (app. 2).

2Segments from 0-10 inches below surface.

segments lower in the core. Even larger within-core
textural differences exist in sand cores that had a
single fine-grained top layer—a not infrequent occur-
rence. Overall, sediments from core segments have
an average mean grain size in the fine-sand range
(Wentworth, 1922), are moderately well sorted, and
have size distributions that tend to be slightly posi-
tively skewed. In only five cores are the sediments
sufficiently fine grained throughout to fall in texture
classes other than sand (fig. 16C).

Stratigraphic variations in mean grain size and
deviation measure are shown in figure 17. Although
it is difficult to generalize at this point about the
variations, when quantitative data are combined
with qualitative data pertaining to locations of cores
and physical characteristics of all core segments,
some general patterns emerge relative to sedimenta-
tion characteristics and environments. In terms of
channels, flats, and slopes, which are the three
geomorphic classes utilized to summarize surficial
sediment data, core data indicate stratigraphic
homogeneity (at least in the upper few feet) in
channels and stratigraphic complexities on slopes
and flats. It is anticipated that additional core data
will allow classification of stratigraphic environ-
ments that quite possibly can be recognized by geo-
morphic criteria in most fluvial-estuarine systems.

RADIOACTIVITY IN BOTTOM SEDIMENTS

Radioactivity data include gross gamma count
rates from in situ measurements of the streambed,

3Segments from 11-58 inches below surface.

gross gamma count rates from laboratory measure-
ments of surficial sediment samples, and concentra-
tions of five to eight individual gamma-emitting
radionuclides from spectrometry measurements of
sediment samples by the Battelle-Northwest Radio-
chemical Laboratory. A total of 187 in situ gross
gamma measurements were made, and 59 samples,
which were collected in conjunction with the in situ
measurements, were counted later in the project
laboratory. The concentrations of individual radio-
nuclides were determined from 71 selected surficial
samples and from selected segments of 27 cores.
These concentrations, together with concentration
totals, radionuclide ratios, and in situ count rates at
the sampling locations are presented for the surfi-
cial sediment samples in appendix 38 and for the core
segments in appendix 4. An explanation of the con-
tent of these appendixes is given on pages L29 and
1L33. On the average, in every 10 square miles of the
estuary, in situ gross gamma measurements were
made at about nine locations, radionuclide concen-
trations were determined at three locations from
surficial sediment samples, and radionuclide concen-
trations were measured in segments from one core.

GROSS GAMMA RADIOACTIVITY
In order to utilize effectively the relatively large
number of in situ gross gamma measurements and

to optimize the usefulness of all radioactivity data,
relations between gross gamma count rates and

radionuclide concentrations were developed. To sup-
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FIGURE 17. — Vertical distribution of mean particle size and deviation measure in cores from the estuary.

to the Battelle-Northwest Radiochemical Laboratory
for detailed radionuclide analyses. In the project
laboratory, it was possible to calibrate and to main-

plement this effort, gross gamma radioactivity in
some surficial sediment samples was determined in
the project laboratory prior to sending the samples
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FIGURE 18. — Comparison of laboratory gross gamma count rates with in situ count rates and radionuclide concentrations.

tain the detection system under more uniform condi-
tions of electronic stability and of sample geometry
than were experienced in field operations.

Comparisons among field (in situ) count rates,
laboratory count rates, and radionuclide concentra-
tions in surficial samples are shown in figure 18. As
expected, the plot of field versus laboratory count
rates (fig. 184) shows considerable scatter although
a definite relation is evident. Only about 5-10 percent
of the data points are so far removed from the trend
of the points as to indicate possible errors. Plots of
laboratory count rates versus both Zn® concentra-
tions (fig. 18B) and the total of measured radionu-
clide concentrations, including X#* (fig. 18C), gen-
erally indicate better relations than the relation
between field and laboratory count rates. However,
even in these graphs, 2-5 percent of the data points
are removed somewhat from lines that could be
drawn to depict general relations.

The variation of in situ count rates with the total
of measured radionuclide concentrations (including
K+) in surficial samples is shown in figure 19, and
the relation is fairly well defined. Scatter in this
data and that shown in figure 184 resulted in part
from counting differences that occurred because of

(1) variations in counting geometry due to different
vertical distributions of radionuclides in the bed and
to positioning of the sled, and (2) differential ad-
sorption of radiation due to variations in the compo-
sition of the radioactivity at various locations.
However, the large deviations may be the result of
collecting the sample in sediment of one activity
level and counting, in situ, on sediment of a different
activity level; experience has shown that in some
locations large differences in radioactivity occur
within short distances. Overall, however, it is appar-
ent that in situ measurements can be used to estimate
the concentration of an individual radionuclide, such
as Zn%, as well as the total concentration of radio-
nuclides in surficial sediments.

In situ count rates are influenced most by radiation
emanating from close to the detector ; thus, although
they indicate the concentration of radionuclides near
the surface, they cannot be used directly to obtain
the amount of radionuclides in the whole sediment
column beneath the bed surface. This must be done
by using average relationships.

In order to relate in situ count rates to an actual
amount of radionuclides, count rates at core sites
have been correlated with the amounts of radionu-
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FIGURE 19. — Variation of in situ gross gamma count rate
with the total concentration of measured radionuclides
in surficial sediment.

clides per unit area? in the upper 8 inches of the bed
(figs. 20 and 21). This particular correlation was
used because calibrations in sand with several radio-
nuclides (Sayre and Hubbell, 1965) indicated that
with a uniformly distributed source of infinite depth,
well over half of the counts result from radiation
emanating from within about 8 inches of the surface.
Also, in most cores the radionuclides extended at
least 8 inches in depth, and the radionuclide content
often was defined by 1-inch increments down to
about the 8-inch level.

Most scatter of the data in figures 20 and 21
appears to have resulted from measuring the in situ
count rate at a location slightly offset from the core
site—the booms for handling the corer and the sled
detector unit were located at different positions on
the boat so that identical positioning rarely was
accomplished. This type of problem could have been
particularly serious for the data from two cores
that are farthest removed from the general trend of

3The computation procedure used to determine the amount of radionuclides
per unit area is deseribed in appendix 5.
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the points. For one other core (C386, fig. 21), which
deviates substantially from other points with similar
count rates, radionuclide coneentrations (app. 4) for
one segment (C386-3-1) appear to be in error by an
order of magnitude. The dashed curves in these
figures were defined from average values for selected
ranges of in situ count rates (data that deviated
greatly from the majority of points were excluded
from the averages).

A histogram that depicts the distribution of all in
situ count rates obtained during the survey is shown
in figure 22. The distribution is markedly asymmetri-
cal, with a predominance of count rates at two or
three times the general background level, which is
estimated to be 2,500 cpm (counts per minute), and
with a scattering of count rates up to almost 60
times greater than the background level. Assuming
that the distribution of data points in the estuary
is reasonably representative, in situ count rates
indicate that about 60 percent of the estuary bed
had gross gamma levels less than 10,000 cpm, about
19 percent had levels ranging from 10,000 to 20,000
cpm, and the remaining 21 percent had levels be-
tween 20,000 and 142,000 cpm.

Measurement locations and measured levels of
gross gamma radioactivity in each of the 14 cross
sections are shown in figures 7 to 13. Inspection of
these data indicates that the level of activity varies
markedly within cross sections. The general impres-
sion obtained from studying these figures is that low
levels are associated with the channels, whereas the
activity level varies over a fairly wide range on the
slopes and flats.

A summary of cross-sectional and longitudinal
variations in gross gamma radioactivity is shown in
table 5. The within-cross-section groups for this
summary are the channels, slopes, and flats used to

TABLE 5.— Average in situ gross gamma radioactivity at
sample sites within each geomorphic class in each cross
section

[Number of samples in average is shown in parentheses]

Cross In situ gross gamma radioactivity (epm)

Logigij;qdinal section
vision r,:,‘:f: Channels Slopes Flats All classes
Fluvial..........cocooo.. 64 9,600 (2) 31,000 (5) ... (0) 25,000 (7)
59 7,200 (6) 6,400 (2) 22,000 (6) 14,000 (14)
54 7,600 (3) 28,000 (4) 12,000 (1) 18,000 (8)
50 6,500 (4) 12,000 (5) 8,600 (1) 9,200 (10)
47 7,200 (4) 7,200 (4) 20,000 (2) 10,000 (10)
42 7,300 (5) 20,000 (4) 85,000 (3) 31,000 (12)
38 7,000 (4) 10,000 (5) 14,000 (3) 10,000 (12)
31 22,000 (5) 11,000 (2) 19,000 (2) 19,000 (9)
21 5,800 (3) 39,000 (9) 16,000 (3) 28,000 (15)
27-64 9,100 (36) 22,000 (40) 26,000 (21) 18,000 (97)
Transitional............ 23 10,000 (5) 17,000 (8) 23,000 (4) 16,000 (17)
18 15,000 (5) 7,000 (4) 8,400 (3) 11,000 (12)
14 15,000 (4) 17,000 (6) 7,600 (3) 14,000 (13)
14-23 13,000 (14) 15,000 (18) 14,000 (10) 14,000 (42)
Marine..........ccco.. 6 9,300 (5) 11,000 (3) 16,000 (8) 13,000 (16)
2 5,000 (1) 5,600 (2) ... 0) 5,300 (3)
2-6 7.800 (6)  8.900 (5) 16,000 (8) 12,000 (19)
Al 2-64 9,800 (56) 19,000 (63) 21,000 (39) 16,000 (158)
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FIGURE 20. — Relation between in situ gross gamma count rate and the total amount of measured radionuclides (less
K%0) in the upper 8 inches of the streambed.

group surficial sediment textural data (table 2);
cross sections and fluvial-transitional-marine divi-
sions are the longitudinal groups. The summary
(table 5) tends to substantiate the impressions men-
tioned above as well as to indicate possible longi-
tudinal trends. In eight out of 12 cross sections
where a comparison can be made, average gross
gamma levels in channels are lower than or equal to
levels on slopes and flats; in the latter two classes,
the data suggest that flats tend to have higher levels
than do slopes. In analyzing the data for longitudinal
trends, comparisons among individual cross sections
are probably not highly informative, chiefly because
of insufficient data. However, when cross sections
are combined into fluvial, marine, and transitional

divisions, it appears that gross gamma radioactivity
levels generally decrease toward the estuary mouth,
although not uniformly for all geomorphic classes.

RADIONUCLIDES IN SURFICIAL SEDIMENT

Information on individual gamma-emitting radio-
nuclides associated with surficial sediments was ob-
tained by analyzing selected samples from each cross
section. In general, the selection of samples was
based on the variation in “uncorrected’” in situ count
rates in a cross section and on rough qualitative
appraisals of the physical characteristics of all cross-
section samples. The attempt was to provide samples
that would define the range in radioactivity and that
as a composite would be representative of the sedi-
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FIGURE 21. — Relations between in situ gross gamma count rates and the amounts of Zn% and Cr5! in the upper 8 inches
of the streambed.

ment and radioactivity of all the samples in the cross
section. That such early and empirical assessments
were only moderately successful is indicated by
comparing the averages of selected size statisties and
of in situ count rates for all samples in the cross
section with the averages for the samples selected
for radionuclide analysis (table 6). Overall, the
samples selected for radionuclide analysis (table 6)
were finer grained and had higher in situ count rates
than the whole group of samples from the cross
section. As a result, radionuclide data suffer not only
because the overall sampling density was low, but
also because the average of individual concentra-
tions may not be directly representative of the con-
centration in the entire cross section.

In the radionuclide analyses, which were per-

479-127 0- 13 -5

formed by the Battelle-Northwest Radiochemical
Laboratory, the concentrations of eight gamma-
emitting nuclides were determined. The radionuclides
include the five major activation products from the
Hanford facilities, Sc*6, Cr5l, Mn?¢, Co%®, and Zn®;
two abundant fallout radionuclides, Zr°-Nb% and
Ru*¢; and the naturally occurring radionuclide, K*°,
These radionuclides make up the bulk of the radio-
activity in the estuary; however, inasmuch as minor
amounts of other radionuclides are present, hence-
forth in this report the term ‘“measured radionu-
clides” is used to designate the eight gamma-emitting
radionuclides quantified by the analyses.

The concentrations of individual radionuclides and
selected computed totals and ratios for surficial sedi-
ment samples are shown in appendix 8. The concen-
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TABLE 6,— Comparison of average values of several size
statistics and in situ gross gamma count rates for different
sample groups at each cross section

[Sample group: A, all samples from cross section; B, samples from cross
section analyzed for radionuclides]

Cross N“;?ber Size statistics, I;'rf);ts“
Longitudinal section Sample sam- in phi notation gamma
division river group ples radio-
mile in . "M, Ty g activity
group (cpm)
Fluvial.................. 64 A 7 2.09 0.70 —0.05 25,000
B 2 1.38 .55 —.19 8,300
59 A 14 2.18 1,15 —.06 14,000
B 4 2.33 .78 —.06 17,000
54 A 8 2.64 .85 .02 18,000
B 3 2.46 .71 .01 13,000
50 A 10 1.65 .53 —.01 9,200
B 2 2.13 .39 —.06 8,800
47 A 10 1.66 .46 —.02 10,000
B 4 2.06 .46 .03 14,000
42 A 14 2.71 .87 .04 31,000
B 5 2.39 97 —.01 20,000
38 A 12 2.13 81 14 10,000
B 4 2.69 70 .02 13,000
31 A 9 2.29 .68 .03 19,000
B 4 2.12 .84 01 28,000
27 A 15 2.84 .95 .04 28,000
B 4 4.45 1.53 13 42,000
27-64 A 99 2.27 .82 .02 18,000
B 32 2.53 .81 .00 20,000
Transitional........ 23 A 17 2.64 .68 .06 16,000
B 5 2.36 .64 —.10 16,000
18 A 12 2.36 .79 .03 11,000
B 4 2.74 .90 07 16,000
14 A 13 2.62 .70 07 14,000
B 4 2.92 1.02 .04 15,000
14-23 A 42 2.566 .72 .06 14,000
B 13 2.65 .84 —.01 16,000
Marine.................. 6 A 16 3.16 1.03 .22 13,000
B 5 2.67 .66 .14 18,000
2 A 4 2.46 .67 .14 5,300
B 3 2.01 .28 —.09 4,600
2-6 A 20 3.02 .96 .20 12,000
B 8 2.42 .52 .06 14,000
A 161 2.44 .81 .06 16,000
B 53 2.54 .78 .01 18,000
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FIGURE 23. — Relations between Cr3! and Zn% concentra-
tions and specific surface of surficial sediment samples
obtained between Columbia River miles 14 and 18 in
October 1964 and June 1965.

trations of the individual radionuclides are
conversions to picocuriest per gram (pec/g) of data
originally presented in disintegrations per minute
per gram (d/m/g). The original data were reported
to, and are believed to be accurate to, 0.1 d/m/g for
all concentrations greater than 0.5 d/m/g, except for
Cr5! conecentrations, which were reported to the
nearest whole aisintegration per minute per gram
for concentrations greater than 5 d/m/g. The
computed picocurie values reflect the number of
significant figures in the original disintegrations-
per-minute-per-gram data except for Cr3, which
usually has one additional significant figure. Certain
values have been denoted as “questionable” (app.
3). In general, the assignment of these values to a

4One picocurie is equivalent to 10—12 curie.

FIGURE 22. — Histogram of frequency distribution of in
situ gross gamma count rates at estuary cross seetions.
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questionable category was done by the analyst if
anomalous concentration(s) of a radionuclide(s)
appeared to be present. As a general and arbitrary
rule, less-than values were added into computed
totals as if they were real values, under the general
assumption that their small magnitude would not
affect seriously the results. Totals and ratios were
not computed if questionable or missing values were
involved, nor were ratios computed from question-
able or less-than values.

Data on radionuclides in 10 surficial sediment
samples that were collected on preliminary cruises
during October 1964 are also shown in appendix 3.
Results from these samples (as well as from some
early cores) have not been utilized in this report
except in figure 23. (See equation 1, p. L35, for defi-
nition of specific surface.) Data in this figure sug-
gest that different correlations exist between vari-
ables from the 1964 data and similar variables from
the 1965 survey. Information obtained since 1965
has indicated that the amount of radionuclides
associated with surficial sediment varies seasonally,
apparently in response to the changing hydrologic
regime, and that it is diminishing with the reduction
in the number of reactors in operation at Hanford.
Very likely the generally lower levels of Zn% and
Cr* in 1965 (fig. 23) reflect both the decrease in
reactor operations between 1964 and 1965 and the
tendency (ill-defined) for levels in June to be
somewhat lower than levels at other times through-
out the year. As a result of these influences, the
levels of radioactivity and the amounts of radio-

nuclides vary somewhat, and the values reported
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herein probably are higher than have existed since

1965.

Total concentrations of measured radionuclides
and the proportions of the totals that are Zn® and
Cr5! are shown in figures 7 to 13 along with in situ
count rates and particle-size statistics. As would be
anticipated from the discussion on the distribution
of gross-gamma radioactivity, individual radionu-
clide concentrations appear to attain highest levels
in samples from sites on slopes and flats adjacent to
channels.

Individual radionuclide data are summarized by
cross section, geomorphic class, and longitudinal
division in tables 7 and 8. Inspection of these data
indicates the following:

1. Average amounts of Cr?, Zn%5, Sc#¢, Ru'®¢, Mn®*,
Co%, and Zr®-Nb® are about 6.2, 2.2, 0.2, 0.1,
0.07, 0.06, and 0.05 times as abundant, respec-
tively, in Columbia River estuary surficial
sediments as K*, which is fairly constant and
averages about 14 pc/g in inorganic estuary
sediments.

2. Mean radionuclide ratios appear to indicate sig-
nificant changes in relative amounts of some
radionuclides along the estuary; for example,
Cr3 appears to increase relative to Zn% toward
the estuary mouth.

3. Large differences, reflecting the selection of
samples for analysis as well as probable ex-
treme natural differences, exist between the
average radionuclide concentrations of the
various cross sections.

4. Even when samples from cross sections are
combined and only fluvial, transitional, and

TABLE 7. — Summary of measured radionuclides in surficial sediment samples from cross sections

[Statistic: © and 8 are mean and standard deviation of samples, respectively ;

ratio values computed by using only individual ratios listed in appendix 31

s s s Ratios
Longitudinal Cross section Nug}ber Statistic Radionueclide coneentration (pe/g) Fo® Soi o
division rivermile oo htes Co® Zn®  Mn*  Sc Crft  Rul®  ZrNb® K« To®  Zn® It
Fluvial...ooii, 64 4 z 0.7 28.0 0.7 2.1 159.2 1.7 0.5 12.2 50 0.05 1.338
59 5 z 1.5 36.0 .8 3.1 61.0 .9 R 12.8 30 .073 1.77
54 3 E .6 32.3 1.0 12 101.0 1.2 1.0 12.8 50 .03 1.97
50 3 z .3 11.2 3 2 11.4 .3 2 13.3 40 2,02 1.58
47 5 z .3 15.0 5 .8 133.9 4 .3 12.0 40 .05 2.11
42 5 z .8 30.9 1.2 3.4 110.5 1.4 K 12.3 40 .06 2.7
38 4 z 1.1 32.5 9 1.9 56.9 1.2 .8 14.9 226 .05 1.79
31 4 z 9 37.8 1.3 3.8 106.9 17 a 12.9 50 .07 1.84
27 4 z 2.1 66.0 2.2 8.5 170.7 4.2 1.6 18.6 34 11 2.37
27-64 37 z .9 32.3 1.0 12,8 181.9 1.4 7 13.5 40 .06 2.01
s 1.4 411 1.3 5.6 125.5 1.9 .9 4.4 14 .04 .9
Transitional................... 23 5 z .8 33.9 1.3 4.0 133.9 1.6 .8 13.4 30 2,129 2.98
18 4 z 1.0 35.0 1.3 2.9 53.4 1.3 .8 13.2 30 .07 2.2
14 5 z .9 20.7 .8 12,2 97.0 1.4 5 14.8 27 12 4.62
14-23 14 {5 .9 29.5 1.1 13.1 97.7 1.4 T 13.9 30 .10 3.3
s .9 42,7 1.6 5.3 156.5 1.6 9 41 14 .05 1.3
Marine......cooooorrmvrrere. 6 5 z 8 22.9 6 2.3 111.2 2.0 5 14.2 30 12 5.61
2 3 z 2 1.6 2 2 3.8 .2 2 12.1 23.8
96 8 {x 6 14.9 5 1.5 71.0 1.3 4 13.4 30 12 5.3
s .6 19.1 4 1.7 88.5 1.6 .3 2.4 [ .03 1.4
z 8 29.3 1.0 12.7 184.3 1.4 Ki 13.6 34 076 2.78
Al 264 50 {5 y2 392 I3 51 1207 18 9 a0 154 044 189

Inecludes less-than values but excludes questionable values.
20One sample only.
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TABLE 8. — Variation of measured radionuclides in surficial sediment samples with geomorphic class and longitudinal division

[Statistic: * and s are mean and standard deviation of samples, respectively]

Longitudinal Geomorphic Nug}be'r Statistic Radionuclide concentration (pe/g)
division class samples Cofo Znés Mndt Scté Crst Ru1oe ZrNb% Ko
Fluvial Channels 17 z 0.4 15.2 0.5 1.1 32.9 0.7 0.3 12.1
8 .6 26.4 9 3.2 84.5 1.3 5 2.7
Slopes.......ccooovieeecenen 13 T 1.2 40.6 1.3 3.5 106.4 1.9 1.0 14.7
8 1.4 41.2 1.4 6.8 133.6 2.1 11 5.8
Flats...... oo, 7 E 1.8 58.6 1.7 5.9 168.5 2.3 11 14.4
8 2.2 56.9 1.7 6.7 165.6 2.7 1.1 4.6
Transitional...................../ Channels..........cccccnnanne 7 z 1.0 25.4 .9 2.7 61.5 1.6 7 18.3
: 8 1.0 36.7 1.3 3.7 61.9 1.2 9 4.1
Slopes......coomeeeeeenee 6 z .8 34.8 1.4 4.1 144.8 1.4 N 14.6
8 .9 56.1 2.2 7.5 238.3 2.2 1.1 4.9
Flats....ooorccce 1 T .6 27.1 1.0 1.4 68.5 6 2 13.6
8
Marine Channels 4 z 2 3.8 4 .5 21.8 3 2 12.7
8 .1 2.4 1 4 21.3 2 0 .6
S1opes.....coomcriiniccinreccns 2 z 4 7.4 .8 1.0 41.3 .8 2 11.1
8 .3 8.7 .8 11 556.1 .8 0 .8
Flats...coooooiiiinne, 2 x 1.4 44.8 4 4.1 199.0 3.8 9 17.0
8 .3 7.4 .1 A 79.2 .4 .1 -3

marine divisions are recognized, the standard
deviations of radionuclide concentrations typ-
ically are greater than the means and generally
are so large as to preclude positive conclusions
relative to changes in individual radionuclide
concentrations along the estuary. The apparent
decrease in average concentrations of some
radionuclides along the estuary, although such
a decrease would not be unexpected, may be
entirely fortuitous.

5. When samples from the fluvial, transitional, and
marine divisions are divided and assigned to
previously described geomorphic classes (table
8), standard deviations of radionuclide concen-
trations appear to be reduced somewhat,
although differences among classes within a
division and among classes between divisions
are still not highly significant.

Data in appendix 3 indicate that some sample
localities exhibit extreme local variations in radio-
nuclide content whereas other localities are fairly
homogeneous. Samples at location G344 (pl. 2)
illustrate the one extreme; that is, over a twofold
difference in radionuclide concentrations between
duplicate samples. Samples from location G214 (pl.
1) show the other extreme. Unpublished data from
five to 20 replicate samples (collected after the 1965
data reported herein) from four locations in the
Astoria area have indicated that with some radio-
nuclides standard deviations are as large as 50
percent of mean concentrations. These data indicate
that rather large deviations in radionuclide concen-
trations may be the rule rather than the exception.

Several possible reasons exist for the rather large
observed variances in radionuclide concentrations in

duplicate samples, and three possible reasons can be
illustrated with the available data. Probably the
major influence, which is discussed in more detail in
a subsequent section, is the physical composition of
the sample. If particle size is used as an indicator
of composition, size data (app. 1) for the duplicate
samples from location G344 indicate a pronounced
difference in composition between the two samples,
with the coarser sample containing generally less
radionuclides. In addition, at the G344 sample site,
as well as at other sample sites in the marine and
transitional divisions of the estuary, variable
amounts of pebble-to-cobble-size blue-black rounded
clay balls occur. Radionuclide analysis (G344-B-65)
of the clay balls from the G344 sample site shows
that they contain less radionuclides than their fine
texture suggests should be present. Although the
exact origin of the clay balls can only be inferred
at the present time, their characteristics and known
distribution suggest that they represent erosion
products from an ephemeral clay cap found princi-
pally in areas influenced by intrusion of saline
waters.

Organic-matter content is another factor that may
influence radionuclide concentrations. Sample G254-
A-65 (app. 3) consisted exclusively of wood fibers
and chips from a sample site near where these ma-
terials are loaded on barges for transport to markets.
Radionuclide concentrations for this sample are
several times greater than for other samples from
the cross section (app. 3) that consisted mostly of
coarse inorganic detritus. However, because the
concentrations in G254—-A—65 were less than those in
sample G254--65, which consisted of both fine inor-
ganic detritus and organic materials, it is apparent
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that fine inorganic materials are a more important
radionuclide-bearing component than organic mate-
rial. Low concentrations (app. 8) of naturally
occurring K*° generally are an indication that large
amounts of organic material are present.
RADIONUCLIDES IN CORES

Limitations on the number of core segments that

could be analyzed for individual radionuclides neces-
sitated the selection of segments for analysis. The
selection procedure began with an empirical judg-
ment on the possible depth to which significant
radioactivity might extend in each core. Then, seg-
ments that illustrated the stratigraphy and strati-
graphic changes within each core were designated
for possible radionuclide analysis. The final selection
of segments, however, was necessarily in the hands
of the analyst, who attempted to portray as com-
pletely as possible the stratigraphic distribution of
radionuclides in each core. For most cores, this
procedure resulted in an analysis of an initial set
of core segments followed by an analysis of a second
set when preliminary results from the initial set
‘indicated stratigraphic gaps in radionuclide data.
Concentrations of Cr® often were not determined in
the segments from the second set because of its
decay (half life equals 27.8 days).

Results from radionuclide analyses of 258 seg-
ments from the 25 cores collected during the survey
and of 29 segments from two cores (C3 and C6)
collected earlier in the year are shown in appendix 4.
As with data for the surficial sediment samples, less-
than values have been added into the totals but have
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not been used in ratio computations, and no totals

were computed for segments with missing or ques-

tionable data. Additional data pertaining to the
geomorphic position, texture, and stratigraphy at

each core site are included in table 8 and figure 17.

Stratigraphic distributions of Zn% and Cr® con-
centrations and of the total concentration of mea-
sured radionuclides (excluding K%°) are shown in
figure 24 for five cores, and summary data for all

cores are contained in table 9. (See p. 126 and app. 5

for details on computation of amounts of radionu-

clides in the streambed.) Inspection of the data in
figure 24 and tables 8 and 9 indicates the following:

1. The amount of radionuclides in the streambed as
well as the stratigraphic distribution of radio-
nuclides vary considerably among core sites.

2. Estimated total amounts of measured radionu-
clides (excluding K*°) at the core sites range
from about 0.05 uc/ft? (microcuries per square
foot) to about 15 uc/ft2 and average about 3.6
pe/ft? (8===+38.9 uc/ft?).

3. On the average, nearly 66 percent of the esti-
mated total amount of measured radionuclides
at core sites occurs in the upper 8 inches of the
streambed. However, at some sites radionu-
clides extend well below 60 inches in depth.

4. Radionuclides usually are distributed so that
highest concentrations are at the streambed
surface or a few inches below the surface.
Below the depth of highest concentrations, the
levels of radionuclides decrease either fairly
uniformly or very irregularly.

TABLE 9. — Summary of the stratigraphic distribution of measured radionuclides (excluding K4°) in cores from the estuary

[Types of radionuclide distributions: 1, decreasing; 2, increasing then decreasing; 3, inadequately defined; A, regularly; B, irregularly]

N Estimated ° Computed P . Percent
Gore Sore prosgamma  Numberot GBI stratigraphic (GRIITION (i measured meaeired
number k) radioactivity S Lz  radionuclides of radionuclides  radionuclides radionuclides
X (epm) analy: el(c.tex;d radionuclides a:. cox/'i ;i)te in upper 8 in. s ot
in. ue
C366 11 44,200 10 37 3 7.40 42.8 285 58.1
C367 41 29,900 15 39 1B 2.68 44.0 21.3 70.8
cserr 41 29,900 8 39 1B 2.48 30.6 210 66.3
3 59 81,200 8 24 1A . 1. : .
C369 a7 56,700 10 24 24 3.78 91.0 23.5 70.1
€370 40 4,900 8 26 1A 1.10 51.8 33.6 52.7
C371 50 14,400 10 76 1B 12.97 o 319 &L
C372 54 7,600 10 6 2A . . . .
C373 47 88,600 u 46 1B 7.82 65.7 17.4 64.9
C375 52 7,400 12 4 1B 3.48 50.3 36.5 4.1
C376 55 25,400 13 1 1A 1.95 92. 215 64.6
C377 63 98,900 16 10 1B .61 98.8 211 67.7
€378 63 180,000 15 23 2A 6.84 96.6 38.9 53.4
C379 58 84,900 13 14 1B -80 69.2 62.5
C380 47 10,500 9 52 1B 4.51 20.8 40.4 443
C381 64 106,000 18 64 2B 15.30 46.7 87.7 42.8
gsse 23 5,500 11 24 1B 60 542 8.0 42.8
11 7,500 6 6 3 .045 . .
C384 48 7,900 7 72 1B 6.28 8.6 3.5 84.7
C385 42 10,900 10 54 1A 2.02 31.2 49.5 13.4
C386 58 9,800 10 42 2A 175 75.4 58.8
C387 46 14,100 8 26 1B 1.20 85.0 14.2 70.3
C3871 46 14,100 5 24 1B 1.36 75.7 147 83.8
C388 66 8,500 8 6 2A .65 100.0 13.2 83.1
C389 52 6,200 9 9 1A 84 97.6 11.0 85.0
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FIGURE 24.— Stratigraphic distribution of radionuclide concentrations and sediment texture in cores
from the estuary. The length of the concentration bars denote the total concentration of measured
radionuclides less K19,
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5. Radionuclides tend to be distributed to greater
depths in cores in channels and on slopes than
in cores from the flats.

6. As would be expected from the differences in
half-life between Cr®' (27.8 days) and Zn%
(245 days), Cr®! is relatively less abundant in
the total sediment column than it is in surfi-
cial sediments. However, Cr' in cores still
averages about twice as abundant as the next
most abundant radionuclide, Zn%.

SEDIMENT COMPOSITION AND RADIONUCLIDE
CONTENT

In a previous section, possible relations between
sediment composition and radionuclide content have
been mentioned. The composition of the bed material
is characterized by the particle-size distribution,
mineralogy, and organic content of the sediment.
These characteristics largely fix other variables—
such as surface area, cation exchange capacity, and
state of aggregation—and can influence the chemical
character of surrounding media. Many studies have
shown that certain changes in composition usually
are accompanied by specific changes in other charac-
teristics of the sediment. For example, it is well
known that a decrease in particle size is generally
accompanied by increases in surface area and cation
exchange capacity, and also quite likely by a change
in mineralogy. Differences in almost any aspect of
sediment composition will almost certainly result in
differences in the quantity of radionuclides associ-
ated with the sediment.

Sufficient data were collected during the 1965
survey to evaluate directly the relations between
radioactivity and certain statistics that describe
particle size distributions. Three such statistics are
plotted (fig. 25) against the total concentration of
measured radionuclides (less K*). Figure 25 in-
dicates that radioactivity increases as (1) mean
size decreases (phi increases), (2) dispersion in-
creases (deviation measure increases), and (3)
skewness of the distribution changes from negative
to positive.

Considerable scatter exists within the various gen-
eral relations shown in figure 25. The scatter can be
caused by many things, including (1) differences
among samples, in any aspect of sediment compo-
sition, that are not reflected in the particle-size
statistics either because the statistics lack sensitivity
or because the variable does not influence the statis-
tics appreciably; (2) errors inherent in both particle
size and radionuclide analyses; (3) normal, random
variations; and (4) differences among samples in
the amount of radionuclides present that are inde-
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pendent of sediment composition. Although none of
these possible causes can be evaluated adequately
with available data, possible trends in lateral and
longitudinal variations in radionuclide concentra-
tions in the estuary, suggested in previous sections,
imply that a family of curves would be necessary to
describe relations between radioactivity and particle
size at different locations. To illustrate, the point
that represents sample G301--65 in the right-hand
part of figure 25 is among the farthest removed from
a line that could be drawn to depict an average
relation between mean size and the total concentra-
tion of measured radionuclides. This sample appar-
ently contains a much lower radionuclide concentra-
tion than other samples with a similar mean size.
Sample G301--65 was collected (pl. 2) at a lateral
position more than 4 miles from the main Columbia
River channel and near the mouth of a tributary that
contributes sediments with very low radionuclide
concentrations. Its position alone, then, is sufficient
reason for the relatively low radionuclide concentra-
tion. If samples with a wide range of mean sizes
were collected from this location and were analyzed
for radionuclides, a curve offset somewhat to the
right but generally parallel to one for all samples
would probably result.

Under comparable conditions, the sorption ca-
pacity of sediment for most cations is roughly pro-
portional to the available surface area (Sayre and
others, 1963). Surface area, expressed in terms of
specific surface, is sometimes approximated from a
calculated value (Baver, 1956). By assuming that
all particles in a given size range have the same
diameter and that all particles in a sample are
spheres of specific gravity 2.65, an estimate of
specific surface can be obtained from

Sp.S.= 3 226480 o)
i=1 D;
where
Sp. S. is the specific surface of a sediment
mixture, in square centimeters per
gram;
22.64 is a units-conversion constant;
D; is the geometric mean size, in milli-
meters, of the ith size range;
fi is the fraction, by weight, that sedi-

ment in the ith size range is of the
total sample; and
n is the total number of size ranges in
the mixture.
Specific surface is plotted against Zn® concentra-
tion in figure 26 to illustrate the relationship for
Columbia River sediments. Because both specific
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DEVIATION OR SKEWNESS MEASURE, IN PHI NOTATION
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FIGURE 25.— Variation of the total concentration of measured radionuclides (less K4%) in sur-
ficial sediment with different textural statistics.
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FIGURE 26. — Variation of Zn® concentration in surficial
sediment with specific surface.

surface and size statistics are determined from the
same particle-size data, similar relations with radio-
nuclides should exist — the degree of similarity
would depend on how well the particle-size statistics
and the specific-surface estimates correlate. Despite
the grossness of the specific-surface model, specific
surface should be more sensitive to radionuclide con-
tent than any single size statistic. Comparison of
figure 25 with figure 26, however, suggests that both
specific surface and mean size correlate about equally
well with radionuclide concentrations. As in figure
25, the largest deviations on the specific-surface plot
(fig. 26) appear to reflect principally locational
variations in radionuclide content that are not re-
lated to physical size of the sediment.

The possibility of locational variations in radio-
nuclide concentrations has been mentioned in pre-
vious sections. One of the factors that complicates
the delinextion of any trends is spatial variations in
sediment composition that necessitate, for example,
comparing radionuclide concentrations in coarse silt
at one location with radionuclide concentrations in
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FIGURE 27. — Variation of Zn% concentration in surficial
sediment with mean particle size.

sand at another location. This difficulty can be over-
come partly by considering the locational variation
in radionuclide content associated with only the
sediment within an individual size range. Although
radionuclide concentrations for individual size sep-
arates are not directly available from this survey,
they can be approximated from the radionuclide and
size analyses of the surficial sediment by utilizing
general relations between mean size and radionuclide
concentration (figs. 256 and 27). Assume that (1)
regardless of location or level of activity, the ratio
between the radionuclide concentration of any given
narrow size range and the concentration of any
other narrow size range in a sediment mixture is
constant (the ratio may be different for every
different pair of size ranges) and (2) the ratios of
concentration between size ranges are defined for
total measured radionuclide concentrations (less
K1) by an average curve that could be drawn in
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figure 25 and by the curve in figure 27 for concentra-
tions of Zn%. These assumptions imply that if radio-
nuclide concentrations associated with each narrow
size range in the bed sediment were available from
a number of different locations in the estuary, the
data would plot as a family of curves parallel to
the curves in figures 25 and 27. With these as-
sumptions, for any individual sediment sample

Ci= ZﬁCi
1;1
= 2 fiaiCr
i=1
Cr 2 Jia @
where

C, is the concentration of a radionuclide
(or radionuclides) in the total sam-
ple;

fi is the fraction, by weight, that the
sediment in the ith size range is of
the total sample;

C; is the concentration of a radionuclide
(or radionuclides) in the ith size
range; |

n is the total number of size ranges in
the mixture;

C. is the concentration of a radionuclide

(or radionuclides) in a reference size
(which may or may not be actually
present in the sample); and

a; is the ratio of the concentration in the
ith individual size range to the
concentration of the reference size
(CL/CI‘) .

Values for a; can be determined from the curves
of figures 25 or 27 by selecting for each size range
a single size to represent the entire size range —
in this analysis the geometric mean is used to
represent the size range. If the reference size is
taken as that size for which the radionuclide con-
centration is 1.0 pc/g, then the value of a for each
size range equals the concentration at the geometric
mean of the size range.

By solving equation 2 for C,, the concentrations
for each size range can be determined from C,—a,C,,
C:2=a.C,, and so forth. Concentrations of Zn® were
obtained in this manner for each standard size
range from all samples in each cross section for
which both the size distribution and the radionuclide
content were defined. Whenever concentrations for
a size range were available from more than one
sample at a cross section, they were combined to
give an average concentration for the range. As a
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FIGURE 28. — Attenuation of Zn% concentration associated
with individual size separates with distance along the estu-
ary. The individual size separates of surficial sediment are
identified by the geometric mean size. The number of
samples used to determine average value for each point
is adjacent to the point.

result, the concentrations are based on different
numbers of values from one size range to the next
and from one cross section to the next. At each
cross section, the concentration of Zn% generally
decreased progressively as the size increased, al-
though discontinuities exist in this trend as a result
of averaging different numbers of values from one
range to another. Despite the shortcomings and in-
exactness of the procedure, the data suggest that
the concentration of Zn® associated with the geo-
metric mean of any particular size range decreases
progressively between Longview and the estuary
mouth. This trend is shown in figure 28 for geo-
metric means of several size ranges. The individual
concentrations at a given river mile should not be
given undue significance because they often are
based on a very limited amount of data. Some
implications that can be inferred from the plots
are discussed in a following section of this report.
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GENERALIZED QUALITATIVE DESCRIPTION
OF THE DISTRIBUTION OF
RADIONUCLIDES IN THE ESTUARY

The specific relations and trends presented in
the previous sections, together with information on
the morphology of the estuary bed during the survey
and throughout the year, provide the basis for a
generalized qualitative description of the distribu-
tion of radionuclides in the estuary.

As a result of the influence of texture on the
physicochemical properties of the sediment, radio-
nuclide concentrations and areal distributions of
radionuclides are largely determined by the areal
distribution of sediment particles. In channels and
on some slopes and flats where the flow velocities
are relatively high and where active sediment trans-
port occurs at the bed, fine particles are winnowed
from the bed, so the sediment is fairly coarse and
radionuclide concentrations are low. On most slopes
and flats and in some abandoned channels where the
flow velocities are generally low or where circula-
tion patterns promote deposition, the bed sediment is
relatively fine, and concentrations of radionuclides
are highest.

The depth and distribution of radionuclides in
estuary environments depend on the previous history
of the bed surface; however, percolation of river
water in the bed sediments, in situ chemical reac-
tions, and the activities of burrowing organisms and
other biota may alter the original depositional pat-
terns. In most areas of the estuary, deposition does
not proceed continuously but is intermittent or
alternates with scouring periods. The magnitudes
and rates at which the depositional and erosional
processes occur depend on channel geometry, sedi-
ment texture, and local flow characteristics.

In the upper part of the estuary, flow is contained
mainly within one or two well-defined channels.
In these channels, sandy bottom sediment often is
formed into trains of dunes. Depending upon local
flow conditions, dunes may have mean heights and
lengths as small as 2 and 30 feet or as large as 15
and 600 feet, respectively. The ratios of length to
height vary considerably but average about 50;
dune heights rarely exceed 20 percent of the channel
depth. During times of high flow, dunes achieve
maximum height and progress downstream as a
result of the erosion of particles on the backslope
and deposition on the foreslope. This process causes
the bed surface to alternately rise and fall as dunes
move by, and it distributes radionuclides vertically
throughout the channel bed from the troughs of the
dunes to the crests. Usually in a channel dune area,
only insignificant amounts of fine sediment remain
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in the bed sediment and, as a result, the concentra-
tions of radionuclides are low. However, the fine
particles often tend to settle in the dune troughs.
This deposition creates, at the elevations of the
troughs, bands of fine sediment that are approxi-
mately parallel to the water surface. Because migrat-
ing dunes, even in the same dune area, often have
variable crest and trough elevations, the bands
of fine sediment occur at various depths in the
streambed and thus cause the texture of the sedi-
ment and the concentration of the radionuclides to
vary stratigraphically.

In areas of actively moving dunes, particles are
periodically exposed and buried, so the *“‘age” of the
sediment at one elevation may be approximately the
same as at every other level in the dune. With this
condition, decay does not influence the stratigraphic
variations in radionuclide content; however, where
particles are trapped in a part of the bed that no
longer moves or that moves only very infrequently,
the residence time of the particle affects the level
of radioactivity. Often small dunes migrate at rela-
tively rapid rates along the backslopes of large
dunes. With this condition, the distribution of radio-
nuclides might be fairly uniform vertically through-
out the small dunes and then decrease substantially
within the body of the large dune.

When the flow is low, little if any sediment trans-
port occurs along the bed. Dune heights appear to
reduce somewhat, probably in response to localized
scour and deposition; fine material may accumulate
at the bed surface, and the radionuclide concentra-
tion may increase accordingly.

Around bars, at channel margins, on the insides
of bends, and on channel slopes, dunes are relatively
small, and the bed sediment is somewhat finer than
in the channels, probably as a result of the moderate
velocities and the secondary circulation. In such
areas radionuclide concentrations are proportionate-
ly high.

Where flow is essentially impounded rather than
conveyed — such as on wide shallow flats and in
sloughs — fine sand, silt, clay, and organic matter
tend to accumulate and produce a fine-textured
bed. Concentrations of radionuclides in these areas
are higher than in areas of coarser sediment. Al-
though deposition is more or less a continuous pro-
cess on flats and in sloughs, except possibly for an
infrequent scouring phase, the net accumulation of
sediment with time ordinarily is relatively slow;
hence, radionuclides remain fairly close to the
surface.

In the estuary below Harrington Point, the flow
is less channelized and tends to spread out over vast
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shallow flats. Because of moderate velocities and
wave action over these flats, the bed remains
relatively free of silt and clay. Deposition of fine
sediment occurs in large bays and in the remnants
of former channels that are closed at the ends. The
depth and distribution of the radionuclides follow
the same general trends as they do in the upper
estuary. However, the bed forms are less well defined,
and their migration patterns probably are different
because of the tendency for a net flow of zero or an
upstream flow to persist at the bed. Bed relief rarely
exceeds 3 feet, and the forms tend to be more
rounded than the dunes formed upstream.

The influence that saline water in the lower part
of the estuary has on concentrations of radionuclides
in the sediment is not readily apparent from the
available data, principally because of the scarcity
of data and the overriding variations in the texture
of the sediment. Any effects of flocculation and
subsequent settling of sediment that may result from
salinity intrusion also are not readily discernible.

RADIONUCLIDE INVENTORY

Information on the areal and stratigraphic distri-
butions of radionuclides in the streambed was used
to make an “inventory” of radionuclides in the
estuary. Two maps were prepared for the inventory :
one shows the distribution of different surficial
levels of radioactivity, and the other delineates areas
of different stratigraphic distributions of radio-
nuclides. Because in situ count rates provide radio-
activity data with the greatest areal density, they
were used to prepare the surficial activity-level
map. This map divides the estuary bed into divisions
in which count rates are estimated to be 10,000 cpm
or less, 10,000 to 20,000 cpm, and greater than
20,000 cpm. The ranges of count rates that delineate
the divisions were selected to allow maximum use
of relations among geomorphic class, particle size,
and activity levels. Generally, count rates of 10,000
cpm or less came from channels and flats where
flow velocities may be relatively high; rates of
10,000 to 20,000 cpm came from slopes and flats
where velocities are moderate; and counts greater
than 20,000 cpm came from flats, “dead” channels,
and sheltered slopes where velocities are low. These
basic relations were utilized to map count-rate
divisions between data points in each cross section
and to extend cross-section data to all areas between
cross sections.

Although surficial activity-level divisions are in-
dicative of the general amounts of radioactivity in
the bed, they are only an index to the total depth
and stratigraphic distributions of radionuclides. In
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order to account for variations in radioactivity that
result from different vertical distributions, the
estuary was divided into sections in which radio-
nuclides were estimated to have one of three different
stratigraphic distributions. The boundaries between
sections approximately coincide with those separat-
ing the geomorphic classes (channels, slopes, and
flats) that have been described previously. The
radionuclide data from cores generally indicate
that stratigraphic distributions differ (p. L35) be-
tween geomorphic classes, and the generalized dis-
cussion (p. L39-L40) of processes active in each
class suggests mechanisms whereby different distri-
butions could result.

A final map was produced by combining the
activity-level and stratigraphic maps to form a map
with nine kinds of subdivisions, each of which
represents areas having a common general level of
activity near the surface and a common stratigraphic
distribution of radionuclides. The individual areas
were measured with a polar planimeter and were
summed to give the area of each subdivision.

In order to relate in situ count rates to an actual
amount of radionuclides, the relations given in
figures 20 and 21 were used. The influence that
different stratigraphic distributions of radionuclides
had on the computation was introduced by determin-
ing from the core samples in each geomorphic class
the mean percentage of the total amount of radio-
nuclides in the bed that resided in the upper 8
inches. Percentages were determined on a unit-
area basis.

To compute the amount of radionuclides in the
bed, the mean amount of radionuclides per unit
area in the upper 8 inches in each of the three count-
rate divisions was obtained from either figure 20
or 21 by determining the amount that corresponded
with the average in situ count rate of all data points
included in all the areas encompassed by each count-
rate division. Then, for each of the nine combined
areal stratigraphic subdivisions, the mean amount
of radionuclides in the upper 8 inches was divided
by the mean percentage of radionuclides in the
upper 8 inches for the stratigraphic class of the
subdivision so as to yield the mean amount of radio-
nuclides per unit of surface area in the subdivision.
This value was then multiplied by the total area
to give the amount of radionuclides in the sub-
division, and the amounts from all subdivisions
were accumulated to give an overall total. In order
to reflect possible longitudinal changes in the
amounts of radionuclides, the estuary was divided
lengthwise into eight reaches, and the computations
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TABLE 10. — Inventory of measured radionuclides in the estuary
Total measured radionuclides Zine—65 Chromium-51
In all In all In all
In geomorphic class geomorphic In geomorphic class geomorphic In geomorphic class geomorphic
Reach classes classes classes
Longitudinal  limits PN PN —~ —_ — PR - - s
division (river <8 8 3 Percent 38 8 8 Percent £ 8 8 3 Percent
mile) =K E': 'R Amount of total =5 g & a Amount of total &5 x;': B Amount of total
£3 28 8B  (curies) in £5 g8 =13 (curies) in £3 £85 83 (curies) in
s~ 8 =mv estuary £~ oY 8- estuary <>~ S~ 8-~ estuary
&} 7] = o [77] ) o 7] [
Fluvial ... 55.2-65.8 170 110 180 460 5.3 35 24 46 105 5.1 76 76 118 270 5.1
46.2-55.2 180 82 65 327 3.7 39 16 14 69 3.4 ki 61 47 183 3.5
34.2-46.2 190 180 290 660 7.5 39 37 74 150 7.3 84 128 191 403 7.6
27.3-34.2 210 190 500 900 10.3 47 45 120 212 10.3 86 126 328 540 10.2
23.2-27.3 160 240 500 900 10.3 35 59 120 214 10.4 66 155 334 555 10.5
Transitional........ 18.1-23.2 440 790 860 2,090 23.9 120 190 210 520 25.3 168 499 592 1,259 238.7
7.8-18.1 530 1,100 500 2,130 24.4 120 260 120 500 24.3 206 688 349 1,243 23.4
Marine........ccoce.e. 0-7.8 140 470 670 1,280 14.6 29 90 170 289 14.0 61 336 453 850 16.0
Al 0-65.8 2,020 3,162 3,565 8,747 100 464 721 874 2,059 100 822 2,069 2,412 5,303 100
were carried out to provide the amount of radio- 9000 T T T T T T
nuclides in each reach.
Three different computations were made. One is
of the total amount of measured radionuclides (ex- 8000 |- ]
clusive of K**), and the other two are of the amounts
of Zn% and Cr’l. For each computation, average in - ”
situ count rates in the three couni-rate divisions g, 70
were determined to be 7,100 cpm, 14,000 cpm, and ’G§
o
53,400 cpm. These average rates represent total 2 2 6000 |
. . . wZ r
amounts of measured radionuclides in the upper 8 | £
inches of 5.21077, 12x1077, and 85x1077 curies per | 58
square foot, respectively (fig. 20). Comparable 5“;‘ 5000 [\ Total J
- z ota
values for Zn% are 9.3x1078, 241078, and 102x1078 | =2 o
. - nZz
curies per square foot, and values for Cr*' are m= \
42%107%, 80x107%, and 220x10~% curies per square §;‘ 4000 \ .
foot (fig. 21). Core samples indicated that the | Zx
percentage of total measured radionuclides in the EE \,\
upper 8 inches in channel areas ranged from 9 to 54 w 2 3000 - T
and averaged 36; in slope areas, the percentage | =& \
. Q
ranged from 21 to 99 and averaged 70; and in flat §z
- i
areas, the percentage ranged from 98 to 100 and | < 2000/™~_
averaged 99. Comparable percentages for Zn% aver- NN
aged 32, 72, and 99 and ranged from 6 to 43, 24 to 1000 \\ ~ i
100, and 99 to 100 for the chanmels, slopes, and ol S
flats, respectively. For Cr®, percentages averaged S~ T
. o
66, 74, and 96 and varied from 10 to 97, 26 to 100, 05 1lo 2'0 3‘0 410 5'0 °“G‘o‘
and 93 to 100, respectively. RIVER MILE

Amounts of radionuclides in each reach of the
estuary from the three computations are listed in
table 10, and cumulative distributions of radio-
nuclides downstream from CRM 65.8 are shown in
figure 29. These data indicate that the total amount
of measured radionuclides in the estuary (excluding
K?#%) is about 8,700 curies. Of this amount, abou}
2,100 curies (24 percent) is Zn®%, and 5,300 curies
(61 percent) is Cr*. The remaining 1,300 curies
(15 percent) is comprised about equally of other
activation radionuclides (Sc®, Mn#, Co%) and fall-
out (Zr%-Nb?, Rul®®),

Approximately 15 percent of the total amount of

FIGURE 29. — Cumulative distribution of the amounts of total
measured radionuclides, Zn%, and Cr5! in the bed of the
estuary.

measured radionuclides is between CRM 0 and 7.8
(marine environment), 48 percent is between CRM
7.8 and 28.2 (transitional environment), and 37
percent is between CRM 23.2 and 65.8 (fluvial en-
vironment) . This distribution results primarily from
the distribution of surface area, but also reflects
differences in mean concentration and in strati-
graphic distribution. Approximately 19 percent of
the total area of the estuary bed is between CRM 0



L42

and 7.8, 43 percent is between CRM 7.8 and 23.2,
and 38 percent is between CRM 23.2 and 65.8. The
amount of radionuclides per unit area averages
nearly 45 curies per square mile for the entire
estuary, about 42 curies per square mile for the
fluvial environment, 51 curies per square mile for the
transitional environment, and 36 curies per square
mile for the marine environment. The distributions
of Zn% and Cr®' are essentially the same as the
distribution of total measured radionuclides; how-
ever, proportionately, slightly more Zn® resides in
the transitional environment. In the entire estuary,
23 percent of the total amount of measured radio-
nuclides resides in channel areas, 36 percent is in
slope areas, and 41 percent is in flat areas.

By weighting the average depth to which radio-
nuclides extend in channels, slopes, and flats with the
area of each geomorphic class, it appears that in the
fluvial environment radionuclides attain a mean
depth of about 2.0 feet; in the transitional environ-
ment the depth is 1.8 feet, and in the marine en-
vironment it is 1.7 feet.

The accuracies of the computed amounts of radio-
nuclides in the estuary cannot be assessed directly
because errors associated with several steps in the
computation procedure cannot be evaluated. Pro-
portionately, the individual amounts are consistent
with each other. The ratio of the amount of Cr3!
to the amount of Zn% is 2.5, and the sum of the
two amounts is 85 percent of the total amount of
measured radionuclides. Similar ratios of radio-
nuclide concentrations in surficial sediments (table
T), adjusted to account for differential decay with
depth, show comparable proportions. Additionally,
when the mean amount of Zn® per unit area in the
upper 8 inches for each count-rate division is ob-
tained from a relation between the amount of Zn®
per unit area in the upper 8 inches and the amount
of total measured radionuclides (less K%°) per unit
area in the upper 8 inches (rather than from fig.
21), the computed amount of Zn® in the estuary is
virtually unchanged from that shown in table 10.
This consistency suggests that the values selected
for the amounts of radionuclides per unit area in
the upper 8 inches of the bed within the three count-
rate divisions probably are reasonably correct.

The influence of mapping errors that could have
been introduced when the estuary was divided into
areas of common surficial activities and common
stratigraphic distributions is indeterminate. How-
ever, because the estuary was divided into approxi-
mately 700 units, it seems reasonable, barring any
consistent bias, that as a result of combining the
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units into nine subdivisions, mapping errors would
not be highly significant.

The mean percentages used to adjust the amount
of radionuclides per unit area in the upper 8 inches
of the bed to represent the amount of radionuclides
per unit area throughout the whole sediment column
are another source of error. According to an analysis
of the possible error due to these percentages, it
can be stated with 90 percent confidence that the
computed total amount of radionuclides in the estu-
ary is in error by less than about 25 percent owing
to the values used in the computations. The com-
puted possible error reflects the limited number of
cores from each geomorphic class and the variance
in the percentages of radionuclides in the upper 8
inches determined from the cores (hereafter called
adjustment factors).

The analysis is based on the supposition that the
percentage error in the amount of radionuclides
computed to be in the estuary is the weighted sum
of the percentages of error in the amount determined
for each geomorphic class; the weighting factor for
each class is the fraction that the amount of radio-
nuclides in the class is of the entire amount for all
classes. Since the amount of radionuclides in each
class is the product of the area of the class and the
mean amount of radionuclides per unit area in the
class, the percentage error for each class (assuming
no error in area) is the same as the percentage error,
E, in the mean amount of radionuclides computed
to be in a unit area of the class. By definition

As As

m X
4s
m

E=100 =100 ("t’”)
X
in which

Ag is the mean amount of radionuclides per unit
area in the upper 8 inches of the bed;

m is the percentage that gives the true mean of
the amount of radionuclides per unit area
throughout the whole sediment column in
the class. The value of m is unknown, but
it is the same as the mean of the means
of all possible samples of the adjustment
factor of a given size (that is, it is the
population mean) ; and

Z is the mean percentage that was used in the
inventory computation for a class. The
value of 7 is the mean of a sample that
includes all available determinations (ob-
servations) of adjustment factors in a
class.

Although m is unknown and the actual value of E
cannot be ascertained, the interval wherein m can
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be expected to lie with a specified confidence
coefficient and sample size is given (Li, 1964) by
_ s _ s
X — \/ﬁ <m<x+ \/ﬁ
in which
t is Student’s t, which varies with percentile
points of the ¢-distribution and the sample
size;
s is the standard deviation of the sample; and
N is the number of observations in the sample
(sample size).

Because x—m is a maximum at *ts/VN, the
maximum value of E is defined by

Emax = 100 (i ’—s)
VNx

When t is taken at the 5-percent point of the
t-distribution, calculated values of E . are 66.9, 17.1,
and 7.7 percent for the total amount of radionuclides
in channels, slopes, and flats classes, respectively.
Weighting these percentages in accordance with the
proportion of the amount of radionuclides in each
class (p. L42) indicates that the maximum error in
the total amount of radionuclides in the estuary
which might result from the selected adjustment
factors is 24.3 percent, or about 25 percent. The
comparable computed maximum errors in the
amounts of Zn% and Cr® in the estuary are about 20
and 30 percent, respectively.

Although the maximum probable error in the
inventory computations cannot be assessed because
several kinds of error cannot be quantified, the
error is greater than the maximum error of any
single element in the computations. Inasmuch as the
adjustment factors alone could contribute up to 25
percent error, the possible error would exceed this
value. Also, aside from the statistical errors, the
computed amounts of radionuclides may not be
representative of the amounts present throughout
the whole of 1965 or in subsequent years. As men-
tioned previously, surficial activity may be some-
what lower in June than at other times of the year,
and the general level of activity probably has di-
minished as a result of the decrease in the number
of reactors being operated at Hanford since 1964.

ASPECTS OF SEDIMENT TRANSPORT
IN THE ESTUARY

A knovrledge of the amounts of radionueclides in
the estuary and of the spatial variations in the con-
centrations of radionuclides can be used to quantify
approximately certain sediment-transport phenom-
ena in the estuary. Almost without exception, how-
ever, the approximations depend on assumptions
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about the uptake and (or) release of radionuclides
by the particulate matter in the estuary as well as
about other considerations. Unfortunately, the valid-
ity of most assumptions cannot be verified. Despite
this shortcoming, and with the recognition that
computations may be grossly in error, we present the
following analyses in the belief that some of the
techniques and conclusions will be beneficial in in-
terpreting sediment-related processes that directly
influence the disposition of radionuclides in the

estuary.
y RETENTION OF FINE SEDIMENT

In any given reach of the estuary the rate of
change in the amount of radionuclides in the reach
equals the difference between the net rate of inflow
of radionuclides (inflow minus outfiow) and the
rate of radionuclide decay in the reach. This rela-
tion can be expressed for an individual radionuclide
as follows

Y (€0 ~(C0HCQ
~(CQIHCLI~(C0I~M B

where

A is the amount of the radionuclide in
the reach at any given time, £;

C,, C;, C. are the concentrations of the radio-
nuclide in solution and associated
with the fine and coarse sediment,’
respectively;

Qy, Q;, Q. are the discharges of water and of
fine and coarse sediment, respec-
tively;

I, O are subscripts denoting a quantity
that is coming in or going out of
the reach, respectively; and

A is the decay coefficient for the radio-

nuclide.
In equation 3,

(CiQno= C;,01, and (C:Qp,=C; Oy,

Thus, by setting
(CsQwo Cy,

€0 e, ¢
and dividing by (C:Q));, equation 3 becomes
L con|ra-p+1-ca-p)
_(Cch)O_ )\A ]
tRcon TCon) @

5Fine sediment is all material, including biota, whose diameter is =0.45
micron and <62 microns. Coarse sediment is all material = 62 microns in di-
ameter.
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TABLE 11. — Computation of fraction of fine sediment (P) retained in the estuary
Percent of total Percent of total Daily Zné

sediment discharge Zn® discharge d?sc?lar e C (C: Q) M

Year - 3 pai} i =
<0.062 0.062 In on (cuties Ca R k ey \C0), ?

-06& mm >0.062 mm solution sediment per day) perday)
1961 170 130 120 180 244 5 0.21 0.09 32.4 0.18 0.10
1962 170 130 120 180 229 5 .21 .09 21.4 27 19
1963 380 320 317 383 222 5 22 .05 17.4 .33 .29
1964 362 338 320 380 318 5 .28 .12 12.8 .45 .35
41965 368 332 319 381 337 5 .26 .09 27.4 .21 .13
51961 70 130 120 180 244 5 .21 .09 32.4 .14 .06
51964 362 338 320 380 218 5 .28 .12 12.8 .36 .26
61961 170 130 120 180 244 5 .21 .09 32.4 .22 14
61964 362 338 320 380 318 5 .28 12 12.8 .53 43

1Estimated.
2From Foster (1964).
3Written communication, Haushild (1968).

where

(CSQW)[ — (Cch)l —
00~ R (C0 ~ Reand
Q—ETQ‘O:P, or Q; =Q;, (1-P).

If equation 4 is applied to the transport and
storage of Zn%, it can be reduced with several
simplifying assumptions. In the reach between
Pasco and Vancouver, the amount of Zn% in the
streambed is essentially constant throughout the
year (Nelson and others, 1966, fig. 6). If this con-
%—:0. Fur-
ther, the outflow of Zn% in association with coarse
sediment probably can be considered negligible.
With these assumptions, equation 4 reduces to

A
+kRs—[RS+ c+1———]
¢ Re+1-tc0n

P= , (5)
c

in which P is the fraction of the fine sediment in-
flow that is retained in the estuary.

On the basis of the following assumptions, avail-
able data on the transport of Zn% at Vancouver
and the computed amount of Zn% in the estuary can
be used to approximate the magnitude of P: (1)
The transport rate of Zn% and the proportion of
Zn% in solution and associated with the particulate
matter in transport are not significantly different at
Vancouver and Longview (the input station for the
estuary) ; (2) the proportion of fine and coarse sedi-
ment in transport is essentially the same at Vancou-
ver and Longview; (3) the amount of Zn% in
solution and associated with the suspended particu-
late matter in transport in the estuary at any given
time is insignificant relative to the amount of Zn% in
the streambed; (4) the ratio of the discharges of
Zn% in solution going out of and coming into the
estuary, k, is constant; and (5) the ratio of the con-
centrations of Zn® associated with the fine sediment
going out of and coming into the estuary, ¢, is con-
stant.

dition also exists in the estuary, then

+January through June.
5Based on Zn% content in bed 20 percent lower than computed amount.
6Based on Zn% content in bed 20 percent higher than computed amount.

In order to test the sensitivity of equation 5,
values of P were computed by using fransport data
from several different years together with constant
values of k, ¢, and the computed amount of Zn% in
the estuary. Use of equation 5 in this manner implies
that the constant amount of Zn®% is maintained
wholly by variations in the transport of fine sediment
going out of the estuary. This condition probably
does not exist, but it may be met sufficiently for
practical purposes. A detailed explanation of the
variables in equation 5 and their values is given in
appendix 6.

Computed values of P along with pertinent basic
data for calendar years 1961-64 and the period
January 1965 through June 1965 are listed in table
11. Also included in the table are values of P
computed for 1961 and 1964 with hypothetical
amounts of Zn% 20 percent higher and 20 percent
lower than the actual computed amount. During
1963 and 1964, when the mean daily inflows of Zn%
associated with the fine sediment and the computed
amount of Zn% would have been most nearly in
balance, P averaged about 0.32 (32 percent). The
mean daily inflow for 1965 is somewhat high be-
cause it does not reflect inflow during the second
half of the year, which typically is substantially
lower than the first half. As a result, the value of P
is lower than would have been computed for the
whole year. Values of P computed for 1961 and
1962 also probably are low because the actual amount
of Zn% at that time very likely was greater than
2,059 curies as a result of the higher inflow of Zn®.
Although the computations are not conclusive, they
suggest that on an annual basis approximately 30
percent of the fine sediment that enters the estuary
is retained there.

The computations show that values of P are
relatively insensitive to variations in the transport
variables; for a change from 12.8 to 32.4 curies per
day (153 percent increase) in the inflow of Zn%
associated with fine sediment, the percentage of fine
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sediment that must be retained in the estuary to
maintain 2,059 curies decreases only from 35 percent
to 10 percent. Apparently, variations in the amount
of the radionuclide in the bed affects the computed
values of P to a much greater degree than do varia-
tions in the inflow of Zn% associated with the fine
sediment. Still, the hypothetical 20-percent varia-
tions in the amount of Zn% in the bed caused the
value of P to change on the average only about 0.07.

Given a knowledge of the percent of fine sediment
retained in the estuary, equation 5 can be used to
estimate the amount in the bed associated with any
specified (past or future) Zn®% discharge. For in-
stance, by using values of b, ¢, k, R, and R, as given
in appendix 6 and table 5 and by assuming P equals
0.30, the amount of Zn®% in 1961 coincident with the
annual mean daily Zn® discharge of 44 curies per
day would be computed as 4,345 curies.

RADIONUCLIDE CONCENTRATIONS AND
SEDIMENT TRANSPORT

Information on the longitudinal attenuation of
radionuclide concentrations associated with sedi-
ment particles in a given size range (fig. 28) pro-
vides the potential for computing the mean rate
of transport of the particles in the range. Implicit
in the computation are the assumptions that (1) the
radionuclide concentration associated with the parti-
cles changes only as a result of radioactive decay,
(2) the particles present at a downstream location
ultimately came from upstream, and (3) the con-
centration used to portray the level of radioactivity
associated with the particles of the size range at any
location is representative of the concentration as-
sociated with all the particles of the size range that
may be transported at that location. If these assump-
tions hold, the difference in the concentrations be-
tween two locations is equal to the decay that oceurs
during the time the particles are transported from
the first to the second location ; hence, the mean rate
of transport of the size range (mean particle veloe-
ity), v,, can be computed from

-1
w=L7-1=L (32 10g &) ©
where
L is the distance between the two
points,
T is the net time required for the parti-
cle to move between the two points,
A is the decay coefficient of the radio-

nuclide, and

C, and C are the concentrations of the radio-
nuclide associated with the parti-
cles of the size range at the initial
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and final locations (or times), re-
spectively.

Computations of v, for several size ranges were
made by using the average attenuation of Zn% in
the reach between miles 14 and 59, as defined by
regression lines for the data in figure 28. In general,
v, decreased as the geometric mean particle size of
the range increased. The regression of the logarithm
of v, on the logarithm of geometric mean particle
gize was defined to achieve a smooth progression.
From this relation, values of v, of 3,210, 2,920, 2,710,
2,520, and 2,390 feet per day were determined for
size ranges having geometric mean particle sizes of
0.0438, 0.105, 0.209, 0.417, and 0.707 mm, re-
spectively.

Throughout most of the reach between miles 14
and 59, the sediment in the channels (where most of
the sediment transport occurs) has a mean particle
size of approximately 0.250 mm and is formed into
dunes of various heights. Of the several size ranges
for which velocities were computed, only the finest
two ranges are transported at times in significant
quantities as suspended sediment. The coarser sedi-
ment moves predominantly as bedload. Because so
few particles are transported in suspension, the
particle velocities computed for most of the sedi-
ment seem to be inordinately high. Also, when one
considers that tidal action causes the flow in the
reach at times to be either upstream or essentially
stagnant, the computed particle velocities seem even
more unreasonable. Reasonable values of v, can only
be achieved by substantial increases in C,/C. That is,
C, must be higher relative to C, or, conversely, C
must be lower relative to C,. The diserepancy be-
tween computed and reasonable values suggests that
one or more of the underlying assumptions is
violated.

Contrary to the first assumption, the possibility
exists that radionuclides are exchanged on the sedi-
ment particles, so the longitudinal attenuation of
concentration may not be intimately related to decay.
However, available data for Zn® (Johnson and
others, 1967) tend to suggest that only small
amounts of this nuclide are released at any time.
Also, the general decrease in concentrations of Zn®
in solution due to progressive dilution toward the
mouth of the estuary minimizes the likelihood of
additional uptake. In the lower estuary, the influx
of littoral drift may dilute the bed mixture with “un-
contaminated” particles and thereby cause radio-
nuclide conecentrations to be lower than they would
be otherwise. This effect negates the second assump-
tion, but since low values of C promote the computa-
tion of more reasonable values of v,, dilution of this
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type cannot be used to explain the discrepancy. Con-
trary to the third assumption, low values of C,
could result from sampling surficial sediment that
contains significant numbers of particles that have
been buried for extended periods of time and have
unusually low levels of activity due to decay. This
effect could result from the migration of large dunes
during the spring freshet, which was occurring
during the survey, and is most likely to occur in
the highly channelized reaches of the upstream part
of the estuary.

The change, with time, in the ratio of the con-
centrations of two different radionuclides also has
been used to estimate particle velocities (Gross and
Nelson, 1966). The technique is identical to the one
used to estimate deposition rates of sediment (see
following section), except that the length dimension
refers to distance along the channel rather than
depth of deposit. The assumptions (next col.) in both
techniques are the same. Using the attenuation of a
ratio rather than the attenuation of a single radio-
nuclide has some advantages as well as disadvan-
tages. Perhaps the most obvious advantage of a ratio
is that the effects of most types of dilution are mini-
mized, with the result that the ratio attenuation may
be more closely related to decay. One disadvantage
is that the possible effects of uptake and (or) re-
lease must be considered for both radionuclides in
the ratio.

Radionuclide concentration ratios for individual
gize ranges are not available from the data, but the
mean ratios for each cross section (table 7) can be
utilized to estimate the mean transport rate for the
bed-sediment mixture as a whole. Mean Zn®/Co%
ratios along the estuary (table 7) attenuate ap-
proximately 1.5 times in 54 miles. Accordingly, the
mean rate of transport is computed as 1,770 feet per
day. Although this mean rate for the whole bed
mixture is somewhat lower than the rate for the
mean particle size in the estuary (0.208 mm), as
estimated from the regression of the logarithm of
v, (from eq 6) on the logarithm of size, it also
appears to be high. The general agreement between
velocities computed by the two different techniques
tends to reinforce the conclusion that the concentra-
tions of radionuclides are influenced by factors in
addition to radionuclide decay.

RATES OF DEPOSITION

The relative rates of decay between two abundant
radionuclides can be used to estimate rates of ag-
gradation. This technique has been used by various
investigators, including Nelson, Perkins, Nielsen,
and Haushild (1966), who determined deposition
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rates for Columbia River sediment in McNary
Reservoir.
The fundamental equation characterizing radio-
nuclide decay is
A=Ao e~ M
where
A, is the amount (or concentration) of a radio-
nuclide at some initial time, {=0;
A is the amount (or concentration) of the
radionuclide at a later time, {=T; and
A is the decay coefficient for the radionuclide.
With two radionuclides,

1~ AT,

(Ao)z _Az eAZT_Az

Hence, 2,303 R
_[&:9V9 o
T—(M—)\z) log 0
in which
_(Ao)x _As
Ro—-(Ao)Zand R 4

When equation 7 is used to determine a deposition
rate, R, and R pertain to the ratios of concentrations
of two radionuclides at an initial bed elevation, d,
and at a higher elevation, d, respectively, such that
d—d,=h. Hence, equation 7 states, in effect, that
the time, T, required to deposit sediment within a
depth increment, &, located between two different
elevations in the bed is proportional to the difference
between the logarithms of the ratios of the con-
centrations of the radionuclides at each depth. The
net deposition rate during the time interval, T, is
equal to A/T. Implicit in the use of this technique
are the assumptions that (1) the ratios of the con-
centrations of the radionuclides associated with the
sediment at the two elevations were equal at the
time of deposit, and (2) the changes in the con-
centrations of the radionuclides during the time
interval are due to decay only.

Data in appendixes 1 and 3 show that radionuclide
ratios in the surficial sediment may vary greatly,
even within given areas where the sediment texture
and in situ gross gamma radioactivity are fairly
uniform. The variations probably occur partly be-
cause in most places aggradation is not continuous
but is interrupted by periods of degradation. As a
result of these alternating processes, particularly
if they are related to dune movement, ‘“older” parti-
cles that have been buried for some time may be re-
exposed and deposited once again at the bed surface.
Thus, the ratio that exists at the bed surface depends
on the relative “age” of the particles there at the
time of sampling and may be unrelatable in terms
of decay to ratios in sediment below the surface.
When this is the case, deposition rates computed
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FIGURE 30. — Variation of Zn65/Co% ratio with depth in
core C373.

from equation 7 are invalid. Because alternating
deposition and erosion are not as likely to occur with
fine sediment as with coarse sediment, except pos-
sibly at specific locations in the estuary, the most
meaningful deposition rates probably can be ob-
tained from cores collected in areas where fine sedi-
ment is being deposited more or less continuously.

Of the available cores, C373 seems most likely to
satisfy the requirements for a reasonably accurate
long-term deposition rate. The sediment is com-
paratively fine throughout the length of the core,
radionuclide ratios change with depth in a con-
sistent manner, and the core was obtained from an
area where continuous deposition probably has been
occurring. Figure 30 shows the attenuation of the
Zn%/Co® ratio with depth for this core. The aver-
age deposition rate obtained by weighting the com-
puted rate between each pair of defined points with
the length of the depth increment is 5.4 inches per
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year for the upper 11.5 inches of the bed. The net
deposition rate, determined from the length of time
necessary for the ratio at the surface to become equal
to the ratio at the 11.5-inch depth, is 3.4 inches per
year. The computed rates, of course, apply only to
a local area and should not be assumed to represent
a general deposition rate for the whole estuary.

CONCLUSIONS

Bed sediment in the Columbia River estuary is
predominantly sand (—1.0<phi<4.0) ; however, tex-
tural characteristics vary appreciably throughout the
estuary. Clay-size material (phi=>8.0) is sparse, but
significant amounts of silt (4.0<phi<8.0) are pres-
ent, and about 25 percent of all surficial sediment
samples contain some gravel (phi<<—1.0). An “aver-
age” sediment sample consists of about 1 percent
gravel, 84 percent sand, 13 percent silt, and 2 per-
cent clay.

Separating the estuary into geomorphic classes
called channels, slopes, and flats and grouping sam-
ples according to class significantly reduces variabil-
ity of the data and permits comparisons within cross
sections and among cross sections. In the estuary as
a whole, channel sediments are coarse (My — 1.87),
are moderately well sorted (o4 = 0.75), and have
size distributions that tend to be skewed toward the
coarse particles (a;p= —0.02); sediments on flats
are fine (M, =83.18), are relatively poorly
sorted (oy=0.90), and have distributions skewed
toward the fine particles (aip= 0.17) ; and slope sed-
iments are intermediate. From the head to the mouth
of the estuary, channel sediments appear to become
finer, and their size distributions become less nega-
tively skewed; sediments on slopes and flats show
no significant trends.

A further separation of the estuary into longi-
tudinal divisions in which the dominant processes
are fluvial, transitional, and marine facilitates addi-
tional comparisons among samples. Within any given
division, channels contain sediments with the coars-
est particles, flats generally have sediments with the
finest particles and the most positively skewed size
distributions, slopes generally have the least skewed
size distributions, and sediments in all three classes
are moderately well sorted. Channel sediments are
finest in the transitional division and are finer and
have more positively skewed size distributions in
the marine division than in the fluvial division.
Slope sediments have the same textural character-
istics throughout the estuary but may be slightly
better sorted and have size distributions more posi-
tively skewed near the estuary mouth. On flats, sedi-
ments are finer in the fluvial and marine divisions
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than in the transitional division, where extensive
sand flats occur. In all classes and divisions, the
variations in textural characteristics are large.
Elimination of “outlying values” as determined by
statistical tests reduces variances but does not affect
the previously noted textural trends.

Cores show that sediment texture varies strati-
graphically and that strata usually are less than 1
inch thick. At many locations, sand is overlain with
a thin fine-grained layer. In channels, sediments are
fairly homogeneous stratigraphically, but on slopes
and flats stratigraphy often is complex. Sediment
color varies with depth from brown and green to
gray and black. Organic matter occurs either in
layers or as individual fragments. In general, sedi-
ments in core segments are finer than sediments in
surficial samples. Textural differences between core
and surficial samples probably reflect a biased selec-
tion of core sites rather than a significant textural
difference with depth.

About 60 percent of the estuary had in situ gross
gamma count rates of less than 10,000 cpm (back-
ground was probably about 2,500 cpm), 19 percent
had rates from 10,000 to 20,000 cpm, and 21 percent
had rates from 20,000 to 142,000 cpm. Generally, low
count rates occurred in channels, whereas count
rates varied over a fairly wide range on slopes and
flats. Both in situ gross gamma count rates and
laboratory gross gamma count rates of surficial
sediment samples correlate well with total measured
radionuclide concentrations and with Zn%* concen-
trations. In situ count rates also correlate fairly
well with the amounts of radionuclides per unit area
in the upper 8 inches of the bed.

The radionuclides Cr5, Zn®3, Sc#6, Ru!%, Mn%, Co®,
and Zr%-Nb® are 6.2, 2.2, 0.2, 0.1, 0.07, 0.06, and 0.05
times as abundant, respectively, in surficial sedi-
ments as naturally occurring K*°, which averages
about 14 pc/g in estuary sediments that contain little
organic material.

Radionuclide concentrations vary greatly through-
out the estuary. Generally, concentrations are lowest
in channels and highest on slopes and flats. When
data from a common division (fluvial, transitional,
or marine) are combined, standard deviations gen-
erally are so large as to preclude positive conclusions
about trends in concentration along the estuary.
Ratios, however, suggest changes in the relative
amounts of some radionuclides; Cr* appears to in-
crease relative to Zn% toward the mouth of the
estuary.

Sediment texture and organic-matter content com-
bine with sample location to influence the concentra-
tion of radionuclides associated with the sediment
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and to contribute to the variance of concentration
within samples from common geomorphic classes or
from common longitudinal divisions.

The stratigraphic distributions of radionuclides
vary considerably within the estuary. On the aver-
age, 66 percent of the total amount of measured
radionuclides (excluding K*°) at core sites is within
8 inches of the bed surface, but at some sites radio-
nuclides extend well below 60 inches. Radionuclides
tend to be distributed to greater depths in channels
and on slopes than on flats. Highest concentrations
typically occur at the surface or a few inches below.
Amounts of measured radionuclides (less K*°) in the
bed ranged from 0.05 to 15 microcuries per square
foot and averaged 3.6 microcuries per square foot.
Chromium-51 is relatively less abundant in the sedi-
ment column than it is in surficial sediments, but
overall, it averages about twice as abundant as Zn¢%.

Sediment texture influences the radionuclide con-
tent significantly. Radionuclide concentrations in-
crease as the mean size of sediment decreases, as
the sediment becomes less well sorted, and as the
skewness of the sediment size distribution changes
from negative to positive.

Values of specific surface and of mean size com-
puted from particle-size distributions of sediment
samples correlate with concentrations of Zn® about
equally well.

Radionuclide concentrations associated with indi-
vidual size separates were approximated by using
radionuclide and size data from surficial samples
together with an average relation between mean size
and radionuclide concentration. Computations for
each cross section suggest that the concentrations of
Zn% associated with different size ranges (repre-
sented by the geometric mean) decrease progres-
sively between Longview and the estuary mouth.

Data on the surficial and stratigraphic distribu-
tions of radionuclides and sediment texture in asso-
ciation with information on streambed morphology
provide a framework for a generalized qualitative
description of the distribution of radionuclides in
the estuary.

At the time of the 1965 survey, in situ count rates
of 7,100, 14,000, and 53,400 cpm corresponded to
total amounts of measured radionuclides in the upper
8 inches of the bed of 5.2)x1077, 12X1077, and
35% 1077 curies per square foot, respectively. The
amounts of measured radionuclides in the upper 8
inches averaged 36 percent of the amount of mea-
sured radionuclides in the total sediment column in
channels, 70 percent in the total column on slopes,
and 99 percent in the column on flats.

The total amount of measured radionuclides in the
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estuary (excluding K%) in June 1965 was about
8,700 curies, of which 61 percent was Cr®!, 24 percent
was Zn%, and 15 percent was other activation prod-
ucts and fallout. This total amount is about one-quar-
ter of the amount that Seymour and Lewis (1964)
estimated was in the total system (river, estuary,
and ocean) below Vancouver in 1961-63. Approxi-
mately 15 percent of the total amount of measured
radionuclides was between CRM 0 and 7.8 (marine
division), 48 percent was between CRM 7.8 and 23.2
(transitional division), and 37 percent was between
CRM 23.2 and 65.8 (fluvial division). The amount of
measured radionuclides per unit area averaged
nearly 45 curies per square mile for the entire estu-
ary, about 42 curies per square mile for the fluvial
division, 51 curies per square mile for the transi-
tional division, and 36 curies per square mile for the
marine division. Channels, slopes, and flats contained
23, 36, and 41 percent, respectively, of the total
amount of measured radionuclides. The distributions
of Zn% and Cr™ are essentially the same as the
distribution of total measured radionuclides except
that, proportionately, slightly more Zn® is in the
transitional division.

The computed inventory may not be representative
of the inventory throughout 1965 or in subsequent
years because of possible seasonal variations in the
amounts of radionuclides stored in the bed and reduc-
tions in the number of reactors in operation at Han-
ford.

Computations based on transport rates of Zn¢s at
Vancouver and a mass-balance equation derived from
the assumption of a constant amount of Zn® in the
bed suggest that on an annual basis approximately
30 percent of the fine sediment that enters the
estuary is retained there. The computations are
relatively insensitive to errors in the transport data
and in the quantity of Zn® in the estuary bed.

Mean particle velocities for individual size sepa-
rates determined from the attenuation of Zn® con-
centration downstream along the estuary are
somewhat higher than the mean particle velocity for
the whole bed mixture determined from the attenua-
tion of the Zn®%/Co% ratio. However, overall, the
computed velocities seem excessively high. The re-
sults reinforce the conclusion that the concentrations
of radionuclides in surficial sediments are determined
by factors in addition to radioactive decay.

At many core sites, cyclic deposition and erosion
preclude accurate computations of deposition rates
from the variation of radionuclide ratios with depth.
For one core located where conditions appeared to
be compatible with the assumptions of the technique,
the attenuation of the Zn%/Co® ratio with depth
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gave a net deposition rate of 3.4 inches per year for
the upper 11.5 inches of the core.

Relatively low sampling densities, lack of replicate
samples and analyses, and incomplete information on
the morphology and physical-chemical character of
environments throughout the estuary have restricted
the extent to which the data could be interpreted.
However, despite the deficiencies, available data
indicate that information on geomorphic expression
and sediment composition can be combined with a
knowledge of the types and amounts of radionuclides
discharged to provide the basis for predicting the
probable distribution of radionuclides in rivers and
estuaries.

Additional surveys of a similar but more detailed
nature should be undertaken to provide data for
refining the delineation of significant evironmental
divisions within the estuary and for improving the
definition of seasonal and long-term trends in the
radionuclide inventory.
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APPENDIX 1. — Particle-size statistics of surficial sediment from the estuary

[Statistics computed according to Inman (1952) and Trask (1932). In situ gross gamma values
are in counts per minutel

PHI VALUE AT IN- INMAN VALUES TRASK IN SITV
DICATED _PCT FIMER VALUES PERCENT GROSS
SAMPLE NC 5 58 95 MEAN__SORYT ALPHI ALPH2 BETA OR KER _GRAVE ANO _SILY AY AHN.
FOLLOWING SAMPLES FROM CROSS SECTION NEAR COLUMBIA RIVER MILE 64
6202---€S 2035 174 «00 1.60 51 =e20 =1.05 1.31 1.249 .04 | 99 6300
G203--~€S 2415 143 =o18 1,23 o6 =432 -.69 83 1.318 1,143 2 98 9000
6204---€5* 2.04 1.26 «00 .16 «59 =10 =.tl «71 1,302 $.057 3 97 10300
6205---65 1.92 81 -.02 87 +53 .09 16 77 1.300 .962 1 99 8200
6207~--65 2480 2404 1400 2.07 b2 =e12 =a51 lelb t.2012 14038 "o 10500
6206---6% 7.00 3.62 Z.16 3.76 1.13 o3 «85 I.IB 1.676 .875 €3 34 3 34500
G208~-+65 746 3472 2.50 3.96 V.06 +22 119 35 1,606 a3e 60 36 4 47300
FOLLOWING SAMPLES FROM CROSS SECTION NEAR COLUHBII RIVER NILE 59
G22p---€5* 2.76 2.28 1.92 2.28 22 =.00 24 +89 1,106 1.000 99 [ A4 sooo0
6221=---65% 2.12 146 =.42 tal8 +68 - 40 ~-.089 +85 1.36€ 1.25€ 3 7 6100
G210---65% 14.00 5,78 4.08 7.08 2.51 +52 1.30 +93 2,693 .520 4 76 22 4100
G211---65* 2.00 .36 o7V 1,36 +33 =.00 ~.01 «64 1.201 1,004 100 6000
6212---65" 2,41 V.72 +78 1,686 49 =all =25 «66 1.253 1,025 (11 8300
G2i8---65 6,69 2.9 1.50 3.53 .37 o3 +»85 90 1.7L5 698 75 22 3 13000
G249~ 2,10 1.30 27 120 W54 =sl1 =.22 68 1.284 1,033 100 s200
G217~ 2.21 «61 ~2o50 =o47 2.09 =52 -~.37 ol 2,385 2,041 26 73 I+ 6600
6216+---65 1.95 .07 «00 1404 +62 =405 =415 57 1,359 ,995 2 98 6600
6215--<€5% 2,13 1,12 “€.06 =.99 2,72 -.77 -t.13 «51 1,625 1514 22 78 5400
G214-1-65* 2.0 .38 -1.00 V.14 o708 =¢35 =118 1,20 §.300 1,204 5 95 8700
G213---€5* 2,31 1.58 «83 1.57 ohl  ~.04 -,03 «69 1,225 1,015 100 6300
6222---65*% 10,46 .21 Z.€3 4.65 .65 «27 Dokl 1,37 24165 .701 45 49 6 41300
6223---€5% 9.33 4.82 .22 5.26 «65 .27 .83 86 2,116 o785 28 62 1 539800
FCLLOWING SAMPLES FROM CROSS SECTION NEAR COLUMBIA RIVER MILE 54
6225---65 6,46 2.89 1.76 3.34 .20 «37 1,02 296 1.720 o767 77 20 3 21800
6226~--~65% 2,04 1.03 -Z.t8 o773 1,00 =a301 =1et0 1412 1.561 o170 (2] 89 5800
6227+--65* 3.07 2.56 1.68 2,49 #38 =18 -.09 «83 1.19) t.060 1600 8500
6228---65* 3.10 2.63 Z.08 2.62 +30 <~.0€6 <-.13 «68 14149 1,010 1op 9900
6229---65 7.64 G.B86 2.05 420 87 023 1e49 1.62 1.501 880 50 45 5 73200
G232--~€5 3,09 2.47 .00 2.50 30 <02 .26 75 1156 o977 99 1+ 11800
6231---6S 2.35 1.€b +39 1.55 56 -.16 =~.b9 «76 14301 1.054 100 3400
6230---65* 10.13 3.36 <49 3.€9 2.21 o 15 88 1419 2.872 .854 1 62 30 7 8000
FOLLOWING SAMPLES FRCM CROSS SECTION NEAR COLUMBIA RIVER MILE S50
6233---€5% <-.54 =3.12 ~S.00 -2.97 .29 )l 27 «73 1.858 .84 94 5 1+ 4100
6235---65 be8 1,43 ~i.00 «99 e59  ~e24 =1.20 1.060 1,306 1,108 5 95 7000
6234=---65 2419 1.6k «20 1.31 58 =28 -4 «71 14299 1.083 (31 7600
6236---€5% 3.10 2.02 «88 2.00 +€6 =-.04 =-.05 +68 14353 1.030 top 7900
6237---65 2,46 1.86 1,06 1.33 «38 -.02 -.20 +83 1.189 ,998 100 9000
G238---65* 2,64 2.02 1.56 2.07 «33 .16 .26 <64 1,166 954 100 2600
6239---€5 290 2.20 1.75 2.3 32 «05 -3 «82 1.1068 1,000 99 [ R4 10600
G240---65* 3.06 2.047 1.77 2.43 40 ~-.09 -.13 62 14205 1.032 100 8500
G241 ~=--65 4.6 3.tk 2.40 3.24 o5h 18 «70 | 07 1.252 .97¢ 89 i0 1 22700
624 2---65 2.72 2.25 1.78 2.25 - BC 1.109 1.000 100 6300
FOLLOWING SAMPLES FFCM CROSS SECY!ON NE AR CDLUHBIA RIVER MILE &7
G244==-65 1e77 «87  ~.42 84 56 ~J0 - 34 «94 1,306 1.01¢ 3 97 6700
G245---65 .86 1.08 -.i28 .97 57 =el9 =.b) +80 1,297 1.097 2 98 6000
G246=--ES* 2.14 1.60 +9€ 1.57 35 =407 =l «67 1176 1,009 100 7500
G247---€5% 2,42 1.49 «77 1.51 45 04 24 82 1.236 .982 100 10200
G248---65 1.84 33 ~.20 .1 +58 «03 =014 «77 1.308 .982 1 99 6580
6269--<65* 2.07 1.36 o2 1.33 47 =08 =.57 1.10 l.217 994 2 98 7500
6250---65 2.36 (.69 t.lh 1,86 o306 =.09 -.36 81 1477 1,022 100 9308
6251 =--~65 2.8 2.27 1.56 2.27 «32 =o0F =422 1400 te1&9 1,000 100 63980
G252---€5% L.B84 3,08 .50 3.25 .66 «25 ] «77 1318 L9286 86 13 ' 30800
62643---65 2.93 2.21 1.€0 2.20 +33 ~-.03 <17 1404 1,154 1.000 99 1+ 7500
FOLLOWING SAMPLES FROM CROSS SECTICN NEAR COLUMBIA RIVER MILE 42
626€---65* 1,84 .20 -60 .21 »37 1) oDt +67 1.188 1,000 100
“6265---65 2.80 1.29 «18 1.20 54 =el6 =37 «70 14273 1,841 100 4700
GR64~-=65 1.69 «76  =.00 75 6F  ~eD1 =.51 1,03 1.333 1,005 L] 9% 4500
G261-=--65 2439 1.54 o311 t.45 64 <=oi5 =30 <61 1,355 1.08¢ (1) 10100
G262---65% 12,70 4,80 2,22 5.30 1.48 «34 2,13 2.20 1.870 .723 2t 70 9 9600
6263-~--65 315 2441 1e81 2.4 +36 .07 .7 83 1.183 .979 99 (A4
G259---65 2,37 .82 «82 .80 36 =07 <~.63 .03 1,178 1,004 100 8000
G260-~~€5  10.9% 4.0 Z.75 S.16 1.36 o193 .43 2401 14727 o842 18 72 10 92500
6255---€5% 3.25 1.78 «65 1485 +20 «09 22 «64 14469 955 99 (K3 52600
2,41 183 1.25 V.83 35 <01 «01 «67 1176 998 100 €800
2.70 2.03 «00 .96 o477 =.15 =1.45 1.89 Je.262 1.062 3 97 76400
6258---65 3,71 2.80 .72 2.€5 +50 «09 423 1400 1,269 9082 97 3+ 13900
6253-~-€5" 12.40 5.33 2450 S5.80 .67 29 1.57 1,67 2.086 .73¢ 13 75 12 142000
G254~--€5* 0.9 4. .32 4,47 2.67 «00 .62 80 o182 lob7i b 46 10 19200
FOLLOWING SAHPLES FFOM CROSS SECTION NEAR COLUMBIA RIVER MILE 38
6267---65 7.00 2.55 1.57 3.4 1,35 63 1,28 1,01 1.563 .659 ] 76 20 3 56800
G268---€5 2.20 1.28 +08 1.22 68 = 02 -.21 56 1,389 1.049 1 99 4200
6269---65* 2.15 1.4 +92 t.49 36 i3 26 «70 1,182 .962 100 7000
G270---65 662 2.046 1473 3.043 1.38 « 70 le27 «76 1,876 L4016 75 22 3 2300
G271---65 5469 (.72 «10 1.99 1.2% 21 «9%  1e24 1.772 797 1 aQ 7 2 5700
6272~--65 2469 2.1F 115 2.06 «37 «e13 =450 1,08 1,182 $.035 99 i+ 9400
6273---€5 2421 1436 21 13 53 =l =.29 «88 1.255 1.00€ [} 98 [R3 5300
G274=---65 2493 2.42 .50 2.12 38 .01 «26 «87 1195 4997 99 1+ t1600
G275---€S 2429 QoT70 «50 1.62 o442 =oftl =.8) t.13 14205 1,010 100 €600
6278---65 3.50 2476 .16 2.78 «36 «06 .20 «85 1.163 1.000 9A 2+ 12600
G277-~-€5% 2.21 1.2 =2.,00 =-.83 2.17 .13 o34 +20 3.582 .785 51 49 5900
G276---€5%* 9,60 4.3 .50 4.90 .62 +36  1.05 1419 2.035 664 * 4“0 51 ) 23600
FCLLOWING SAMPLES FROM CROSS SECTION NEAR COLUMBIA RIVER MILE 31
G287---65 2.50 1.73 A7 1.€5 56 ~ollé  =.70 1,08 1.291 le002 100 aude
G286---65 3.15 2.31 t.60 2.35 46 +09 16 +69 1.228 .S78 99 1+ 7200
G285---65* 2.53 1.91 1.31 1.93 36 «05 .02 o72 1179 .987 100 7600
G284--~€5 4.69 3.02 .50 2.96 «59 =1 ef2 1470 14291 14047 92 7 | 30700
G282---€S 2,60 1.57 <10 1.50 «76 =09 <~.23 +65 1.435 .,995 ] 99 14700
G281---85 2,95 1.63 «65 1.87 o75 «32 23 +53 1.b74  .76€ 100 8500
G280---€S 1.75 e 83 -.067 .78 «60 -.09 -.32 «85 14329 1.041 2 98 5700

See footnotes at end of table.
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Continued
PHI VALUE aT IN- INMAN VALLES TRASK IN SITU
DICAYED PCY FINER VALUES® PERCENT GROSS
SAMPLE _ANC 5 50 35 MEAN SORY ALPHI ALPH2 BETA_SORY SKEW GRAVEL SAND SILT CLAY GAMMA
G279---€5 5.00 3.05 1.61 2.97 59 =,13 el 1488 1.283 1.057 k11 8 ] 7700
G283---€5 9.00 .07 24539 4457 1.45 «35 He12 1.21 1.769 L8611 48 “6 6 80700
FCLLOWING SAMPLES FRGM CROSS SECTION NEAR COLUMBIA RIVER MILE 27
G288--~-€S* 2,56 «55 ~2.00 =-.44 2.56 =,39 =-.30 «09 3.855 2.594 36 (1Y 9300
G289---65* 2.12 .56 +84 1,52 «39 - 12 =.21 +66 1.496 1.039 100 5200
6290---65 2.65 2.10 150 2.07 «33 =.08 =.07 oF7 fei61 1,020 190 7100
G291---65 8,00 4e03 2457 .31 1.29 .22 298 lell 1,764 .915 49 46 5 106000
6292---65 bel2 2498 2433 3.01 ol <08 «59 .19 14210 4971 34 6+ 29300
G293~--~65% 14.00 &4.78 1.3% S.27 1.37 «36 2.84 2.88 1.760 737 19 7 i6 137000
G294~-=-~ES 2+56 1453 b teS2 67 =~ 01 =05 «58 1.390 .983 100 6700
G295---65 2.46 1.89 1.25 1.90 «33 «04 =410 «B4 14164 4990 160 6600
G236~-=-~€5 2.74 2.02 272 3.S3 47 ~. 19 =262 Jolb 14239 1,080 2 97 i1+ 5500
3.50 2.70 2ol 2473 37 .06 o3t «Bh 14178 .999 q7 3+ 12760
G298--~65 2.73 2.12 1eS0 2441 «36 =~.04 =-.03 <70 1.182 14009 100 5300
6299--~65* 11.87 4.85 .15 5.63 2.07 «38 1.28 1410 2.633 .607 33 53 1 38500
6300-~-~€5 3.00 1.¢92 +€5 t.g5 Bl ~.i2 -el6 «94 14305 1.030 1 98 1+ 6800
G3ul=---65* 11.0€6 6,27 2.00 6.35 2.36 .03 ol 292 2,642 2943 ] 15 63 21 18800
G3u2--~€% S.46 2.56 1.84 2,80 62 <40 1.86 1.86 1.317 .82¢ a0 8 2 199450
FCLLOWING SAMPLES FRCFM CROSS SECTION NEAR COLUMBIA RIVER MILE 23
6315---6% 24bl t.80 «39 .72 WHE -7 =86 .19 1,205 1.005 g0 6200
2432 181 «€3 (.73 42 .21 -480 .00 ¢.206 (.02€ i 99 5600
Bal6 3.33 2Z2.26 4436 (.87 +55 1.08 «66 24380 L4204 63 n Y 15300
2443 1,97 1e37 1S4 W31 .07 -u28 72 1156 to021 100 8600
2416 louB «22 1435 253 =.25 =457 .80 1,265 1.09€ 2 98 4800
2.56 1.%8 .37 1e.S8 «34 =-.02 =.06 a76 1,071 1.805 99 1+ 6800
9.60 4.78 .22 85,23 Lol .32 115 1426 1,798 .764 21 71 8 55900
2.83 3.85 .05 1,88 5} .08 .19 o74 1,263 ,971 99 1+ 15700
276 24147 «C1 2.03 W6 =230 =476 1400 14197 1.062 99 1+ 9600
2462 1«85 1.22 t.86 .32 <03 ~=.0t «B4 b.1B1 «99% 100 5900
5.00 2.81 €.t5 3.08 70 +3¢ 1409 .04 t.322 .880 87 12 1 19700
14,00 4.75 3432 5417 1.3 +32 2,99 3.09 4,713 .785 20 72 8 56100
.80 3.16 <Zz.50 3,23 7 15 1,03 1.3 1,206 1,001 89 10 1 22500
2426 1.57 42 la5W «50 <=.0€ =.4E «85 1,267 1.019 99 1+ 5600
2.82 2.20 el 2.17 «37 ~.0¢ =-.23, «90 t.170 1.00¢ 99 i+ s00¢
T.46 2,74 1.62 3.12 93 0 1.95 2.05 1,348 ,923 2 82 12 3 12300
o080 2.58 te22 2452 70 -0 L +99 1.34% 1,075 35 o t 15260
FOLLOWING SAMPLES FRCFM CROSS SECTICN NEAR COLUMBIA RIVER MILE 18
G334-=--€5* 9,87 4.1 Cohs 5.01 2.13 «33 <87 o7l 24773 643 45 %5 e 38200
6335---65 2.65 2.19 1.66 2417 25 =a07 =412 «98 {.il5 1,000 99 i+ 17000
G336-~-65 2.65 1.79 -1.28 1.5} eBli =033 =1.32 1e3k lob7k 1,215 ) 94 5500
G338---¢€% 2.13 t.06 +00 1,07 »65 «0t <00 +63 14353 1,001 2 98 “800
6337---€% 3.85 2.37 1.15 2,46 «65 o «20 1.08 $.320 .93y 96 b+ 15200
G325---€5 2442 1.86 .88 1.82 «33 =.i0 -.53 «98 1,193 1.044 100 5300
G32€---65 2.60 2.07 1453 2.05 «30 =a 0k ~00 o73 14153 14011 160 3300
G3)u==--€5 2435 .74 .80 t.70 42 =~o10 ~.38 <B4 1,204 1,008 100 5400
G313---€5 2423 ta.52 13 1.45 51 =a#3 =eB7 1.05 14260 1,069 1 99 6300
6312---65 2.20 «93 -1.00 .27 «90 o0k =37 +78 14550 935 5 95 5000
G3l1===€% 8.00 4.03 1.05 W,W0 .01 « 36 a8 labbh 1,538 o804 “9 46 5 9100
6310---6¢ T+46 3.43 1e94 3.7 V.40 22 <91 097 1,970 843 (-1 32 o 13300
FOLLOWING SAMPLES FRCM CROSS SECTION NEAR COLUMBIA RIVER MILE I4&
6343-~-€% 2.68 2.20 1.8 2.19 022 =04 =487 1423 t.1086 1.000 93 1+ 7300
G3w4-1-65% B.49 2.62 1.29 3.80 1.90 Y3 1.19 289 2.203 404 72 23 5 18900
Gluu~2~-65 9,87 4.9% Z2.15 5,03 2.t .04 .51 .83 2.816 1.122 35 55 10 189300
G345-~-€5 6.00 2.41 1.08 2.35 81 W30 1476 2.06 1.40) .87¢ 3¢ 7 2 28700
G3ub~~~E5* 3,00 2.28 1.76 2.30 .29 b0 +36 telO 1,133 $.000 98 2+ 11800
G347-~-6% 3.28 2458 .04 2,57 «32 <«.02 .25 «84 1.161 1,006 99 I+ 10800
G34B8=~-€5 2e26 1,12 =47 1.06 «80 -.10 =.29 «70 Lou?7 1.061) 2 97 1+ 4300
G349-~-565 2.88 2.24 1.67 2,25 «30 « 00 10 1.02 1.139 1.000 100 5300
G332-~-€% 5.28 2.84 1.72 3.04 +85 .23 77 1409 (1,463 .900 86 3 ] 25500
6G33)-~-65 217 1,37 254 (.37 50 =.01 =-.03 bl 1,262 $.005 100 6600
G330-~-65* (0.94 L.67 Z.E4 4.9 t.87 13 1613 1421 2,433 1.018 36 54 "0 43800
G329~-~-E5 2493 2414 1.62 2.15 33 04 <40 295 171 «993 98 2+ 8500
G328~---65 2.94 2.25 t.73 2.27 «32 .05 .27 89 1.149 1.000 99 1+ 64000
G327=---€5% 3J.12 2.49 .02 2.54 «33 o i 8 24 «65 14166 4,957 160 8950
FOLLOWING SAMPLES FRCM CROSS SECTICN NEAR COLUMBIA RIVER MILE 6
6352-~-6% 6€.69 3.2¢4 3.64 t.30 .33 .82 «86 1.310 .680 66 32 2 15000
6G353+~-~EE* 12,40 4.23 $.31 2.10 51 1658 1430 2.674 obb7 1] 42 12 16000
G3%1---65 6.62 3.86 belS «86 «33 telD 110 1,497 808 58 39 3 33800
Tlalel .25 4L.88 1+38 J46 2.18 1«98 14795 o671 3 49 8 33500
12.93 5.28 .95 2.09 «32 1400 1,67 2.380 <673 8 66 16 9400
11.37 5.1 5.60 3.06 o lE «55 «50 4+33% 1.095 38 42 20 5000
9.60 2446 3.90 1.80 +80 1475 1422 1.278 853 8t " 8 5800
4.62 2416 2.23 43 18 2.19 2.52 1.189 ,993 93 6 ] 13900
2.79 2.l4 2.8 «26 =.02 «37 1.09 1.128 1,002 ar 2 1 8200
2.60 2.086 2.0% «31 -.02 «02 o73 14154 1,008 99 i+ 8800
2.38 1.53 1.55 W49 «05 =oti «B84 1.259 .977 190 6000
2.50 1.88 t.90 <3k .06 o755 1T +985 98 2+ 16600
S5.46 1,34 156 -1 3.02 3.55 1.209 .915 92 6 2 5200
6363---€5 3.00 .59 1.59 48 46 169 §e241 $.013 96 e 2i500
G364===-65 5.00 .97 2.03 .76 1«08 1492 1371 98¢ [} 93 o 2 €300
G365-~--€5 2.42 2410 1.69 2.09 21 -e23 «72 1.098 1,002 100 7300
FCLLOWING SAMPLES FRCFM CROSS SECTION NEAR COLUMBIA RIVER MILE 2
G339---€5 8,00 2.34 171 3.8 185 «8) leble «97 4,270 ,860 79 15 1) 6700
G340---65* 2,53 2.05 1.50 2.03 «31 =07 =.l2 «65 1155 1,018 180 4300
G34i---€5 2.4 2,03 1.57 2.02 26 =.06 <-o10 «65 14131 1004 190
G342---65 2.40 2.01 150 1497 027 =12 =21 «65 1136 1,033 99 (R 3 5000
MISCELLANEOUS SAMPLES FROM NEAR ASTORIA (COLUMBIA RIVER MILE 15)
G 62---€4 3.39 2.32 1.00 2.29 +56 =«06 =422 1,15 1.258 .983 98 2+
G 63---€E4 2,95 2.29 1.8 2.29 .38 0t =.02 «75 1.186 ,996 100
G bh=--E4 6.62 2.39 132 2,76 1.00 .37 1658 1,66 1.426 4874 86 [N} 3
G 95---€4 2435 1.52 +39 .48 48 -.08 =-.31 1403 14253 1,035 100
G 96---64* 9,56 5,33 2.9 5.¢5 1.58 39 «89 «79% 2.062 .632 7 8 i2
Gloi=-=-~E€Y 3.13 2,46 z.03 2.52 «32 .18 37 o72 14159 .952 99 1+
Gla7--~64 6400 3.35 z.20 3455 1.02 .19 o773 +86 1.628 .875 7t 27 2
Gl109---64 2.50 2.09 150 2.09% o299 ~el€ =432 71 14139 1,031 (R 1]
Gl35~==64 6.64 2,26 158 2.3) o4 o13 4.4E 5.5 1.160 1,000 ! 90 5 4
G139---€4 6.00 3.€1 2.27 3.79 «83 22 +B64 1,26 1,410 J91€ 71 26 3

* HIGHER ORDER STATISTICS FOR THIS SAMPLE MAY BE IN ERROR
+ SILT PLUS (LAY
3 ALL STATISVICS FOR THIS SAMPLE MAY BE IN ERROR



DISTRIBUTION OF RADIONUCLIDES IN BOTTOM SEDIMENTS, COLUMBIA RIVER ESTUARY L55

APPENDIX 2. — Particle-size statistics of selected segments of cores from
the estuary

[Statisties computed according to Inman (1952) and Trask (1932)]

PHI VALUE AT IN- INMAN VALUES TRASK
DICATED PCT FIMR VALUES PERCENT
SAMPLE NO S 50 935 MEAN SORT ALPHI ALPH2 BETA SORI SKEW GRAVEL SAND SILT CLAY
FOLLONING GORE(S) FROM CRCSS SECTION NEAR COLUMBIA RIVER MILE 6&
C383-=0=1* 10439 6.97 4.30 7.14 1491 «09 k) «60 2.522 +914 3 66 31
C383-=1=1% 10.39 6.88 1.19 b.86 2.15 =.01 =«51 lelte 2.729 .01 9 61 30
C383-10~-14 | 99+
FOLLOWING CORE(S) FROM CROSS SECTION NEAR COLUMBIA RIVER MILE 54
C384--0-1* 2.01 1.83 0 174 58 =.15 =.30 #64 1,311 1.060 oo
C384-=-3=1* 2.35 1,59 #73 1.59 .53 «00 09 54 1,305 967 100
C384=-~-5-1% 2,38 1.59 68 1.55 51 =.08 2 «68 1,263 1,035 100
C384=46-2 de82 2.39 .75 2.39 33 =.0) =19 «81 14167 1,002 100
FOLLOWING LURE(S) FRUM CRUSS SECTION NEAR COLUMBIA RIVER MILE 50
C385-=-0-1* 5.8v 2.48 .90 2.56 .40 «20 347 3.90 1.206 930 R 8+
C385-~1-1 2,84 2.33 1.78 2.33 W29 =.00 -.i2 «75 1,446 1,000 00
C385=11~1* 2,62 2.20 .60 2419 «27 =.05 23 «79 14,125 1.000 too
C385-22-2% 2.56 2.14 1.65 2.12 +28 -.0b  =oib «63 1433 1,007 100
FOLLOWING CORE(S) FROM CROSS SECTION NEAR CULUMBIA RIVER MILE 47
C386=~i-1 2.y 1465 5 1,57 57 =.ld =.34 65 1314 1,047 Q1
v386--3-14 Reby  l.bb «b2 1483 51 =.05 =-.29 75 1.280 1,007 100
C38b==-5-1% 2,46 .79 «95 1.75 46 =08 -.19 64 1241 o018 100
C386-26-2 2.51 1.85% 1.27 188 +35 .08 o b 75 1e171  .986 100
C386-28-2% 2.58 2.001 1433 1.99 «37 =.07 -.lb 68 14190 1.025 1o0
FOLLONING CORE(S) FROM CROSS SECTION NEAR COLUMBIA RIVER MILE 42
4oul 1.32 «18 1.32 66  =.00 1417 1.91 1.340 ,388 94 4 i
2413 l.27 26 1,23 «57 =.06 =43 #+65 14302 1.021 939
c3sz-1i-1i 2400 1.12 «07 1.09 61 =.05 57 1.353 1.002 98
C382-12-2% 2414 1,42 o6 137 b7 ~otl +63 1248 1,046 100
382-20-2 2418 1.2 08 17 57 =403 «85 142568 1.040 98
C381==0-1* o870 .64 3.06 .79 1.23 W13 1.02 1.29 1.822 .924 32 6t 7
Codt==3-1a .21 4,75 02295 4&.75 «89 =~.00 =~.02 67 1514 1,000 20 80+
C381-=8~t* 4L.30 3.02 2.29 3.02 b -,00 69 1,33 1.230 1,001 L 5 !
w3gl=ii-1 Dedl 3.3k 2,68 3I.ub 47 o210  lakb 1485 1,223 943 a7 12 1
C381-20-2% B./7 .18 2.90 4.6l 1432 «33 1.25 .22 1.920 L7112 46 W7 7
C381-30-2 64835 3.46 2.70 3.86 +85 48 1,55 J.tb 1315 .872 77 20 3
C38154u=2% 5.59 3.78 2.72 3.97 .90 .22 Y4 +59 1.548 .858 58 42+
C381-56-2% 3,46 2.30 2.36 2.91 +33 .02 .04 +h5 o168 .995 100
C381=02=2% 7.72 3.59 <c.4é .33 1.60 «59 1.05 «66 2,093 .456 62 38+
FOLLUWING CORE(S) FROM LROSS SECTION NEAR COLUMBIA RIVER MILE 38
C380--0-1% 5.60 2.65 1.93 2.83 63 «28 1477 1.92 1.277 .952 89 9 2
C380~=1-4 3.28 2.53 (.85 2.54 bl .02 .08 «76 1.209 391 100
C380-=5-1 2.90 2.19 1.50 2.20 olele 02 .03 61 1.234 4990 100
C38u-i0-1 “.59 2.76 2.09 2.89 «58 22 «99 .17 1.3082 .932 a3 [ !
C380-14=-2% 3.18 2.54 1.87 2.54 «39 «01 -.03 69 1,199 ,996 100
C380-36-¢* <2.85 2,32 1.89 2.3s +28 +06 .19 o7 1129 1,000 100
C380~-wt=2% 3.03 2.46 1.87 2au7 37 b 07 «65 1.189 .987 100
C379==1-14 563 2.91 <Z.i6 3.09 «68 «27 la4B6 157 1.340 L9182 88 1o 2
4elu 2477 <2.22 2.83 39 ol «85  1.26 1871 1.000 95 o+
8.00 3.30 2.4¢ 4,06 1.35 257 a2 1407 o648 672 72 23 5
7.55 3.27 2.38 3.89 .19 e52 143 118 1,485 o801 75 24 4
C379-4i-1 3429 256 .73 2.53 Wl -.08 -l o77 10227 1,030 180
C379-22-2 3433 2.72 2.15 2.72 +33  -.00 .05 .78 1.159 1,000 100
C379-¢b-2% 7.55 3.15 2.34% 3.85 14.22 57 .47 1443 1.529 720 75 21 &
C379-34-2% 4,42 .34 2.50 3.40 «58 o t0 «21 +66 1.305 .960 85 I15¢
C379-42~2 3.53 2.78 2.22 2.82 +38 <10 32 «78 1.184 .992 98 2+
FOLLUWLING CORE(S) FROUM CROSS SECTION NEAR COLUMBIA RIVER MILE 31
C376--4-1 3.59 2473 2414 2.77 ol oy 32 «76 1.202 .99 98 2+
C370-~5-1| 3.50 2.66 2.42 2.70 .38 oHl o4l 81 1.190 .985 99 Lt
C376~=8-1 3428 2.58 2411 24062 #33 ol .34 76 171 L9711 100
C376=t1~1% 3,25 2.7¢ 2425 2.73 .29 «01 .09 «72 1145 1,000 100
C376-31-2 3.50 2.79 2.08 2.79 Y] o 01 .07 +53 1,204 1.008 99 (K4
C376-33-2% 3.59 2.4b6 .97 2.64 7 «38 «69 «70 1,240 ,855 98 2+
C376-45-2 Jotd 2.4b 2.00 2.49 .32 .6 «35 «73 14157 4959 100
C375-=1-1i 3.50 2.66 1.58 2.6l 52 =ull -e22 «83 1,258 1,047 98 2+
C375--3~1* 2,83 .48 66 1464 66 25 il «65 1.326 .906 1eo
C375=-11-4* 2Z.b3 .4l «b4 1450 55 X1y 47 84 1,283 +336 100
C37b=1u4=2 3.00 .59 10 1485 «91 DR} «00 «59 1.507 .882 97
C373-16-2% 2.9% 1,80 «87 1,89 68 a3 .15 53 1,382 .928 100
C375=3u=-2 3.2%  2.02 02 1,98 83 -.05 =il 58 14527 1,049 100
C375-42-2% J.0o 1.3¢ 15 1.60 .03 28 .29 <4l 14687 ,735 98
FOLLOWING CORE(S} FRCH CROSS SECTION NEAR COLUMBIA RIVER MILE 27
C378-=0~4*% w81 4498 311 497 o412 =oGt =-.01 «65 .68« 1,000 19 8i+
C37d==2-1* J.lu 5.25 3.4t 5.61 t.5¢ 23 67 «89 1.757 .958 [ 76 1o
C378~=w~1* Q.13 5.40 3.50 5.81 1.55 +2b +61 84 l.8bs <837 [}l 78 (R}
Be7n 4457 2,94 S5.04 .68 .28 76 73 24154 L8118 38 54 8
Geud 3.8c 2.67 4.42 1.32 46 .85 1,03 14841 4615 57 38 5
5.53 2480 2.00 2.8v 54 W13 1465 2412 1.269 .958 92 6 2
C378=-141-1 3.33 2.68 2.00 2.68 <0 =401 <04 «73 14199 1,006 100
C378-04~2 Seb 2487 2.23 2.89 33 «05 -.07 «85 1.165 .989 100
C378-46-2* .00 2.19 96 2,12 77 -,08 -.28 34 le4b1 1,071 100
C378-56-2% ¢.50 1.39 +59 .46 +55 4 .29 «73 1.287 L9493 100
L377==1-1% b6.00 3.18 2.43 3.42 71 o34 1,45 1451 1,307 .326 83 i5 2
C377=--2-1% 6.00 3408 2.31 3.53 «33 +43 H.16 +98 1.414 4795 79 20 i
C377--3-1 3e7% 2493 2.22 2.96 ol o7 11 <84 lo281 L977 98 2+
C377=-~8-1 3.89 <2.89 2.25% ¢.92 ol 08 bl «B87 14224 975 96 (23
C377=15~1% 9.30 4.73 <.94 5,32 1.98 30 x4l «61 2.554 L7510 37 52 [N}
C377-27-2% 4.74 3.06 2.34 3.11 51 .09 <91 .40 1.252 .983 92 7 [
C3r7-51-2% 5.02 3.02 2.49 3.24 76 30 .76 +85 1342 .924 84 (124

See footnotes at end of table.



L56 TRANSPORT OF RADIONUCLIDES BY STREAMS

APPENDIX 2. — Particle-size statistics of selected segments of cores from
the estuary — Continued

PH1 vALUE AT IN- INMAN VALUES TRASK
OICAIEU PCT FINER VAL UES PERCENT

SAMPLE NO 5 50 95 MEAN SORT ALPH{ ALPH2 HETA SURT _SKEW GRAVEL SAND SILT CLAY

FOLLOWINGL CORE(S) FROM CROSS SECTION NEAR COLUMBIA RIVER MILE 23
C369~=1-1* 9444 «.98 2.29 5.3¢ 1.90 <8 k7 «B88 2.141 L9956 27 62 "
C369~=4=1*% B8.85 3.94% <Z.10 4«63 1.87 LYl .82 eB81 20274 4536 52 40 8
C369==u=~1) 60> 3.17 2.00 3.21 75 «0b le48 2.04& 1.375 1,002 85 12 3
C369-11-1 deuu 2.46 1.35 2445 62 =400 -.l0 «69 1+327 986 100
v309-18-2 3eb4 2430 100 2.3 67 «05 o0 «90 1.337 .965 97 3+
C3b9Y-22-2 4,00 2.94 2.11 2.97 56 +05 +20 «68 14303 .386 95 5+
C3069-54-2% S.0U 3443 2.1 3.75 98 33 «59 «63 1,587 770 68 32+
C3o9-40-2* .98 3.b64 2.72 3.76 «69 o7 «30 «63 1.391 L9086 o7 33+
C373-=1-1 Tewd 3u7t 2,73 423 dalt ety 1420 1.08 1.688 .676 60 36 L]
L373--5-1 2.68 3.31 2.66 3.42 52 222 1467 1,93 1.203 <940 86 i2 2
C378=-=7~1 967 S.12 2.58 3. 31 =-.03 63 «76 1. 154 1,007 99 e
C373=10=1% 4,73 3,43 2.78 3.62 57 «33 57 o710 1.294 o854 78 22+
C373=04-2 395 3428 2.64 3.31 31 08 12 1402 hadad b.d00 96 £ 24

FOLLOWING LORE(S) FROM CROSS SECTION NEAR COLUMBIA RIVEK MILE 18
C370=--i-1 2.31 109 08 1.30 72 =13 =-.27 5% 1e4l10 1,085 2 98
C370-=9=1* 2,1% 1.03 -4.29 97 7B =e08 =478 1420 1.459 1.030 7 93
C370=-18=2% <2.2¢ 1e42 60  1.43 o5 «01 =04 «60 1.268 .997 100
Lol0-¢6=2% 2.85 2.19 36 2.00 259 =a31 =499 1412 1,263 14096 | 99
C370-04-2 2491 1492 -2.35 +B86 1,56 =468 =105 «69 1.554 1. 488 t5 45
G3o08=--0-1 Be0u  3.53 2.61 %.23 1.32 «53 1e34 .04 1770 .592 65 30 5
Ciof~-=-4=-1i 3.7 2.98 2.31 2.99 LY «02 Xk 279 1,205 .994 98 2+
C368-=5-1* 4,00 3.09 <Z.43 3.2 ol «07 .29 «80 1+.222 .982 5 5¢
Cbd~=tl=1* 6.0) 3.1% 2.39 3.46 .78 o4l 1437 1.32 1.250 .987 a2 16 2
L3B8=1b=2*% B.38 3457 2,50 432 .46 52 1428 1e01 198 5862 63 31 [}
Ciod=32~2* 3.7 3.08 2.43 3.06 37 =05 =03 la0ite 99 i+
C3bo-34=2* 5,35 3.8} 2.70 3.89 .86 -09 «25 «907 58 Y24
C308-42-2% 4,93 3.42 2.56 3.00 71 +26 45 «68 1.381 L4855 75 25+

FOLLOWLNG CURC(S) FROM CROSS StCTION NEAR COLUMBIA RIVER MILE (4
C371=-=0-1% b6.85 2.90 (.61 .26 2.33 «57 1.00 56 3.253 .239 57 35 a
c3n -t 2oltle 2401 1426 Ja9% 233 =428 =.b8 o79 lelB> 1,065 190
C371-16-2 Welu 1499 .29 1.98 «36 =403 1.83 2.81 (o181 1,010 95 S5+
C371-¢6-2% 14,20 2.20 «3b 5.200 3.97 «77  1.25 «72 2,276 <429 ' Ta 25¢
C371-ut-2 @eBd 1491 100 .87 48 =408 1422 2,10 14251 (.028 95 3 2
C37)-a=2% Y458 2,43 1463 44l 2.13 79 1,49 86 2.36d W274 n 20 9
C37i-4b-2 ©e53 2.36 1.63 2.47 7 223 3.66 4420 1.228 931 90 7 3
C367--0-1 7.39 2424 1,32 2.62 .90 43 2435 2.38 14313 .923 ] 86 9 “
C367-=1~1 ce5d 1499 1,00 .88 42 =425 =457 +80 1,213 1,195 100
C367=--8-1* 5.85 2.08 1.16 2.0% 7 =el0 3402 3.99 1.240 1,041 92 8+
L£367=-11-2* 2.40 189 <93 te84 el =e12 =48 .88 1.205 1.028 100
C367-23~2* 2445 1479 66 1.70 o5l =el8 =o45 W75 1.263 1,030 99 1+
L367-35-2 Gelu Vo774 ),04 o778 49 «09 1.61 2.03 1.260 .977 95 3 2
C367-37-¢ 7.23 2416 1a13 2431 63 «23 3419 3,82 1.205 (002 87 9 4
C367I-0~1* 4.06 273 1,69 .10 2.10 «65 1.26 75 24669 ,298 65 7 8
C3671-2-) 2,50 1.92 «80 1.80 «45 =021 =,60 87 1.227 1.063 100
C367I11-2* <.56 1.97 +86 1.86 46 -e25 -.58 «85 1.230 1.094 100
(366-<0~-1* B8.32 4.08 2.26 4424 .78 «09 +67 «71 24536 1.055 50 Wl 6
C366-=1-1* 8.65 5.00 3.29 5.07 .11 «06 «87 1.4l 1.632 1.000 17 76 7
C366--2~1* 8,80 5.08 3.00 5.30 .35 .6 Bl 1415 1,701 1,009 17 75 8
C386--3-1 7.60 75 3,41 4.80 »36 «05 «78 1417 1.609 4,000 23 73 L3
C366--5-1 2 98+
C366~-9-28 b.7o 5.24 3.72 5e24 .92 =.00 =-.00 65 1+541 1.000 9 9+
C372--0-1 4e55 2452 2.03 2.61 »39 «23 1.95 2.21 1.202 .923 9 L3 2
C372-41=-1% 3.09 2.59 2.12 2.60 «30 .02 06 64 1,150 .,995 100
C372-22-2 3.13 2448 1.90 2.50 «35 +06 «09 «77 1.176  .982 190
C372~34-2 J.06 2.48 2.06 2.52 29 .13 27 «70 1oi4b 4366 100
C372-38-2% 7.69 2.66 2.0 3.02 «76 4B 2.31 2.72 l.243 .959 85 15+
C37r2-32-2 3,60 2.92 2426 2.91 sl =o04 «04 .64 1,212 1,015 99 [R4

FOLLOWING GCORE(S) FROM CROSS SECTION NEAR COLUMBIA RIVER MILE &
C388~-=1=1* 16433 5.68 1.70 5.4 3.01 =-.08 ot o443 3.074 L7046 21 59 20
C388+-=3=1* 11,66 7,07 .79 7415 2.71 «03 =.13 «82 3.596 .953 12 51 37
C388-=5-1* 10.86 5470 3.91 6.58 1.98 a5 .85 «76 2.334 509 6 74 20
C388-34-2 2 8+
C389=~-1-1 2,48 2.6 1,71 2.3 22 =.07 =.23 «75 1,400 1,000 109
€389-15-2% 1+4.00 2.35 1.66 7.96 6.04 93 «91 «02 8.930 .019 70 33+
©389-33-2 2.50 2415 171 2413 «23 =.00 =.18 «73 1.106 1,000 100

FOLLOWING CORE(S) FROM CROSS SECTION NEAR COLUMSIA RIVER MILE 2
C3B7-=uU=1%* 9,32 4437 2.06 .46 2.07 04 b4 «7TB 24759 e 347 42 49 9
C387==3-1 2479 2432 1.8F 2.32 27 03 =407 «84 14129 1,000 100
C387--5-1* 2.67 2.21 1.6 2.20 «29 =.04 =15 «72 talhl t.000 iuo
C387=-14-2 “a00 2457 1470 24814 69 34 <40 «66 1.395 .803 4 94 5+
C387-04=2% 2,683 2431 1,93 2.3t «23 +«00 o6l 1013 1,200 10
C3B7I-0-1% 9.65 4.63 2.35 e85 .86 2 oTh +96 2,164 1,020 35 55 10
C3871-3-1*% Q.67 2424 .74 2.24 27 =a0l -3 «75 12130 1.000 oo
C387111-1* 2,65 2.21 1.66 2.20 W28 ~.0% <-.20 77 1,132 1.000 100

* HIGHER ORUEKR STATISTICS FOR THIS SAMPLE MAY BE IN ERROR
+  SILT PLUS LAY
3 ALL STATISTICS FOR THIS SAMPLE MAY BE IN ERROR



DISTRIBUTION OF RADIONUCLIDES IN BOTTOM SEDIMENTS, COLUMBIA RIVER ESTUARY

APPENDIX 3. — Measured radionuclide concentrations and computed totals and ratios of radionuclides
in surficial sediment from the estuary

[Less-than values or totals including less-than values are indicated by *; questionable values are indicated by A]

INSITUY RADIONUCLIDE CONCENTRATION (PC/G) RATIOS
SAMPLE GROSS
NUMBER GAMMA TOTAL
(CPM) €060 ZNBS MNGG SCubd CR51 RUI06 ZRNBIS KD TOTAL LESS IN/CO SC/IN CR/ZIN
Kal

FOLLOWING SAMPLES FROM CROSS SECTION NEAR COLUMBIA RIVER MILE 64

6202---65 6300 3 10.9 .l 2% 12,24 2 2 ® 9.9 4o

6383---6% 7500 2" ol 2 * 2 2.3 ¢ 2 " 2% .k 15.4 * 3.7 *

G204 =~=-65 10300 .2 13.7 3 3 10.8 2 * «2 % 11.9 37.6 * 25.7 * 70 .02 <788

6209---65 52300 2.2 87.12 o8 7.60 lou.b 6.22 1.5 15.06 286.50 270.90 40 <0879 1,887
FOLLOWNING SAMPLES FROM CROSS SECTICN NEAR COLUMBIA RIVER MILE 59

6220---65 8000 oh 8.38 2 * 2 % 25.2 2 2 % 0.7 45.48% 34.78% 20 3.0

6219-=-65 8200 59 7.66 .3 45 16.7 45 2 * 115 37.85% 26.,35% 13 +359 2418

G2lb=~1-65 8700 o2 9.91 .3 59 9.91 . 2 9.73 3l.un® 21.31% L1 «060 te00

6214-3-65 2% 10.9 o2 «2 % 10.8 . 2% il 33.8 ¢ 22.7 * «991

6222---65 «wi300 6. 06 143.2 3.1 [N ] 242.3 2.7 2140 435.64 hlbo bl 23.7 + 0985 1.692
FOLLOWING SAMPLES FRUM CROSS SECTION NEAR COLUMBIA RIVER MILE 5&

6225~~-65 21800 1.3 77.07 2.5 Teel A 28D.6 2.6 2.7 16.2 59 36041

6227---65 8500 2 10.3 2 ol 12.6 2 ® 2 * 12.9 37.0 ¢ 241 ¢ 50 b 1.22

6231=--865 8400 .3 9.50 o ol 9.91 +68 2 ¥ 9.37 30. 46* 21.09% 30 o o006
FOLLOWING SAMPLES FROM CROSS SECTICN NEAR COLUMBIA RIVER MILE 50

6237 ~--65 9000 2% 11.8 2 2 % 14,0 2 " 2 % N7 38.5 * 26.8 * 1.19

6385---65 13900 3 12.6 oh 2 2.3 * 5% .2 15.0 31 .94" 16,54 0

6240---65 8500 3 9.19 .3 o2 18.0 3 2% 12.8 “l29% 28.49% 30 +02 1.96
FOLLOWING SAMPLES FROM CROSS SECTION NEAR COLUMBIA RIVER MILE 47

6246---565 7500 .2 8.06 «3 2 * 1242 .3 «2 % 10.5 31.96% 21e46* 40 151

6247---65 16200 2 % 13.6 b oh 17.6 A «3 2 * 9.77 <03

6386~==-565 9800 3 11.6 +50 2 * 2.3 * «81 2% 1.9 27.81% 15.94* 40

6258-=-65 9300 2% 113 2 ole 15.3 b .2 % 13.2 bi.2 ¢ 28.0 * «04 135

6252~---65 30800 +59 30. 4 «99 246 185.9 2 * +63 e le 155.71% 1l 34% 52 <086 3e08
FOLLOWING SAMPLES FROM CROSS SECTICN NEAR COLUMBIA RIVER MILE &2

6265---65 4700 2 " 345 2 .2 7.66 2 * 2 * 10,2 22. 36" 12.16% <06 2.2

6259=-=--65 8000 2 7.21 3 o 1.7 2 ¢ «2 * 10.0 30.21% 20.21% <06 162

6255 ===65 52600 «3 thote o5l ol 30.6 2 * 2 * 106 57.24"% 46,64 50 03 212

6258-~-65 13900 3 9.886 .2 .2 36.0 90 «2 % 12.0 59.66* 47.66% 30 Y2 3.65

6G254-=--65 19200 3.0 119.3 4.82 1547 466.7 5.32 2.5 18.8 636. 14 617.34 (Y] 13 3.912

G254-A-65 ol 20.3 te2 22 % 21,2 .90 2 ® bel 45.50% L7 Y b 58 Iel&
FOLLOWING SAMPLES FROM CROSS SECTION NEAR COLUMBIA RIVER MILE 38

6272~==65 9400 2% 15.2 ok ol 23.9 2 * °2 * 13e 53.9 * 40.5 * «03 1.57

6274~--65 11600 «2* 117 ole b 2142 2 * 2% 2.1 bbal * 34.3 * i3 184

6275~=-65 6300 2 * 5.32 3 k5 10.8 o2 * 2 ¥ 9.05 26.52% 1747 1) 2.03

6276---65 23600 3.8 37.61 2.5 6.31 17146 4.2 2.7 25.1 313.82 288.72 26 «06 1.758
FOLLOAING SAMPLES FROM CROSS SECTION NEAR COLUMBIA RIVER MILE 3

G287---65 9400 2 "* 8.29 3 3 9.9 2 * «2 * 10,8 30.20% 19.40% db 120

6282---65 1700 o4 2%ch .68 «81 53.15 .0 2 % 12 91.86* 80.64% 60 «433 2.18

6280---65 5700 2" 5.45 .3 45 4.50 2 ¢ 2 v 9. 28 20.58*% 11.30% +UB83 + 826

6283-~-65 8a700 2.7 3.0 3.8 13.5 359.9 5.23 2.1 20.3 520.53 500.23 42 «i19 3.185
FOLLONING SANPLES FROM CROSS SECTICN NEAR GCOLUMBIA RIVER MILE 27

6289---65 5200 2 ® 6o 04 .2 oo 14.9 2.0 3 i12.6 36.64" 24.04% a7 2447

6291 -~-65 106000 2.3 123.8 4.82 22.2 451.8 5.00 2.5 25.4 637.82 6l2.62 54 479 3.649

6299~--65 38500 ol 83.78 2414 6.67 119.8 5.63 2.2 22.3 246,58 224.28 20 +0796 1« 430

6301---65 18800 1.8 506 41 1.8 4.91 96 .40 4.0 1.5 8.2 175.02 160.82 28 <0974 te9l2
FOLLOWING SAMPLES FROM CROSS SECTION NEAR COLUMBIA RIVER MILE 23

6316=---65 5600 3 5.32 2 * 2% 13.1 2 ® 2% 11,5 31,02 19.52¢% 20 2eh6

6319---65 «800 2 .91 2 2 ¥ 7.66 ol 2 * 10,2 23.97¢ 13.77 20 1456

6323---65 9600 5 6.53 3 2 * 26443 54 o2 12.9 45.42" 32.52¢ 15 3. 72

6307~---65 56100 2.7 147.3 5.77 9.0 607.7 5.77 3.0 23.7 LILTS-1Y 791.24 55 « 129 hel26

6305+--65 5600 2 ® 5.54 2 * «2 % 16.7 «86 2" 870 32.64" 23.90°* 3.01
FOLLOWING SAMPLES FROM CROSS SECTION NEAR COLUMBIA RIVER MILE 18

6334=-~-65 36000 2.7 102.5 3.7 9.82 120.3 3.5 2.6 171 262.22 245.12 38 +0958 tel7d

6337---65 15200 63 27.10 teD Lele 68.047 .63 2 13.6 113.03 99.43 43 +u52 2.53

6326-=--65 3800 o4 4ol 2" 2 % 14D ol 2% 1.5 3.0 * 19.5 * 10 3.b

6313-~-65 6300 o b 6o bote 2 ¥ 3 10.8 +68 «2 ¢ 10.6 29.62% 19.02% 20 »u5 1.68
FOLLOAING SAMPLES FROM CROSS SECTION NEAR COLUMBIA RIVER MILE |4

6344-1-65 18900 «90 19.0 <68 2.7 90.09 2.2 .3 13.3 12917 115.87 21 il bolh

6344-2-65 .9 32.14 «81 5.18 16130 2.8 el 20,2 225.39 205.19 17 <161 5402

6344-8-65 1.8 2.8 1.5 2 % 17440 2.0 «90 15,7 42.00* 26430% te6 6ol

6347---65 10800 +59 13.2 59 <68 51.80 + 56 «2 % 13.6 81.20% 67.60% 22 052 3.92

6348---65 w300 2 Selt o W2 % 24,80 2 " 2% 1t.0 42.16% 3lalte® 4. 82

6332---65 25500 .72 34 Tote 3«4 A 156,80 1.2 +50 16.0 L34 4.60
FOLLOWING SAMPLES FROM CROSS SECTION NEAR COLUMBIA RIVER MILE 6

6352--~65 15000 1.2 39.5 «50 3.6 142.8 3.5 «90 16,8 208.80 192.00 33 <391 3.62

6351---65 33800 1.6 50.00 3 459 254.5 bl 81 17.2 333.10 315.90 3t «0918 5.090

6359~---65 8800 o2 5.09 «50 «50 30.6 2 * 2% 13.4 50.69* 37.29* 30 - 098 601

6364~--65 11600 <68 13.5 1ot 1.8 80,18 Fete 2% 0.5 109.66* 99.16* 20 13 5e9%

6363-~-65 21500 3 Gabts o4 tal 47.75 «63 2 13.0 69.82 56.82 20 ol Toll
FOLLOWING SAMPLES FROM CROSS SECTICN NEAR COLUMBIA RIVER MILE 2

G348---65 «300 2 * 1.2 2 ® 2 2.3 * 2 * 2% a7 6.2 * 4.5 %

G341===65 2 * 1.7 .3 2" 2.3 ¢ 3 2% 12.0 17.2 % 5.2 ¢

6342---565 5000 o2 * .8 2 * 2 ® 6.76 2 * 2 * 12,5 22.06% 9.56% 3.8
MISCELLANEOUS SAMPLES FROM NEAR ASTORIA (COLUMBIA RIVER MILE 15)

6 62-~-64 «90 16.3 [y 4 1e6. itbed 8 098 8,84

G 63---64 ok 9.82 81 «86 73.87 20 «088 7.52

6 64---64 (P b6.2 3.8 5.23 522.5 32 oi18 11.8

6 95---64 4S5 ERYY «86 45 12414 7.6 o130 346

6 96-~-bk 5.59 129.7 Salte 1142 788.3 23.2 <0864 6.078

GlDl-=-6k 2.0 17.7 2.3 1e2 71.62 8.8 +068 4,05

GIG7---64 2.3 hlools 2.5 3.6 375.7 19 <081 8,46

G109---64 68 7.25 <63 72 W45 [N <099 6.lte

Gt35---64 «90 12.7 lel 1?7 79.28 (L3 13 6.2

6139~---b4 2.6 44.8 2.6 2.3 298.6 17 2051 6467
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TRANSPORT OF RADIONUCLIDES BY STREAMS

APPENDIX 4.— Measured radionuclide concentrations and computed totals and ratios of radionuclides
in selected segments of cores from the estuary

[Less-than values or totals including less-than values are indicated by *; questionable values are indicated by Al

INSITU RADIONULLLDE CONCENTRATION {PC/6) RATIOS
SAMPLE GROSS
NUMBER GAMMA TOTAL
(CPMi Co6u ZN65 MN54 SC48 CR51 RUIG6 ZRNB9S K4 TOTAL LESS ZN/CO SG/2ZN CR/Zit
K0
FOLLOMING CORE(S) FROM CROSS SECTICN NEAR COLUMBIA RIVER MILE 64
6383-~=565 7500 2 2 * 2 . 2.3 % 2 ® o2 % et 15,4 * 3.7 *
C383--0~1 2 * .68 2 * 2 ® 2.3 * 2 * 2 * 9.486 13.44% 3.98*
C383-=1-1 2 * 1.7 2 * 2 * 2.3 * <45 2 % 113 16.55* 5.25*
€383~ 3-1 o2 * o * 2 ¥ 2% 2.3 % o2t 2 * 9.95 13.65% 3.70%
C383--5-1| 2 2 * 2 * 2 * 2.3 * 2 " «2 % JULT 14,2 * 3.5 *
C383~-7-1 2 w2 * 2 * 2 * 2 «2 * 12.6
C383-40 1 .2 2" 2 * o2 ® «95 2 % 1344
FOLLOWING CURE(S) FROM CROSS SECTICN NEAR COLUMBIA RIVER MILE 54
6384---65 7900 NO SURFICIAL BED SAMPLE AT VHIS CORE SITE
C384=--0-1 2" 2.5 2 * 2 * 18.9 1.8 «2 % 10.9 34,9 * 24,0 * 7.6
C384-=1~1 2 1.3 2 2 % 16.2 .68 .2 1.6 30.58% 18.98*% 12
C384--3~1t 2 * «30 .2 2 LY 14 2 % el 23.36* 12.26* [N
C3864--5-~14 2 ® 1.5 .2 2 7.} [By] 2% 1.2 3.7 20.5 * n
C384=11-1 2 * iel 2 2 % 18.5 .81 2 13. 1 34.31* 2h.21* "7
C384-34-2 3 77 .2 54 45,5 «90 2 * 15.0 63.,40% 48e41* 3 70 59
C384-4o-2 ol 1.2 o2 * 2 * +930 2 fue2 3
FOLLOAING COURE(S) FROM CROSS SECTICN NEAR COLUMBIA RIVER MILE S0
6385---65 14900 .3 12.6 ol 2 * 2.3 * 13 o2 15.4 3.9 16.54% 40
C385--0~1 ol 254 «45 oh 30.2 1.5 95 15.9 75.20 59.30 60 .02 1«19
C385-~-1-1t «59 12,3 2 2 ¢ 2.3 * 8.96 Ie3 2.8 47.,65% 25.85* 21
C385--3-1 2 13.3 .3 2 * 2.3 * 77 3 16.9 32,27* 17.37% 70
C385=-~-5-1 2 12.8 o 2" 2.3 1.0 2 tho8 31.9 * 17.1 * 60 o8
C385-10-1 2 * 12.9 «3 2 * .72 59 142
C385-11=1 .63 12.5 3 2 * 2.3 * 9.23 t.2 20.4 46.86% 26.46% 20
C385-12-1 .5 9. 4E 2 2 * 10.0 2.5 17.2 9
€385~-22-2 2 * 2.2 o2 * 2 * 2 ¢ .81 f4e8
C385-34-2 2 2.9 .2 2 243 * 7 «2 * 149 21.67% 6.77%
C385-4i-2 2 fott 2 2 2 * ole 6o bt
FOLLCWING CORE (S) FROM CROSS SECTICN NEAR COLUMBIA RIVER MILE 47
G386---65 9800 .3 L. € .5 2 2.3 * «81 «2* 11.9 27.81* 15.91* “0
C38b-~u~-1 2 ¢ 6.53 2 2 * 2.3 * 68 «81 10.6 21.52% 10,927
C386--1-1 .3 9.5 3 o2 2.3 * 2t 3 1.6 24.70% t3.10% 30
C386+--3-1 4.3 A 110.9 A 4.4 A o2 A 2.3 A Ju.b A 4.5 A 131.2 A
€386--5-1 2% 6.08 .2 2 2.3 * 86 «2 * et 24, 14% EQ.04"
C386--8-1 2 3.0 2 * 2 F ol LY 9,37
C386-11-1 2 * 1.5 2 * 2 * 2.3 * .63 2 (R} 16.33% 5.23%
C386-22-2 2 2 * 2 * 2 * 2 * «2 * 0.6
C386-34-2 2 * 54 2 * 2 * 2.3 * 1.2 2 * 10.5 15.30% LeBu*
C386~4b-2 2 2 * 2 * 2 2 * 2 * 1.9
C386-56-2 2 * 2 * 2 ¢ .95 68 72 8.38
FOLLOWING CORE(S) FROM CROSS SECTICN NEAR COLUMBIA RIVER MILE 42
6382---65 5500 NO SURFICIAL BED SAMPLE AY THIS CORE SITE
C382-~-3-1 .3 4.59 2 * 2 * 25.7. «99 «2* 10.5 42.68% 32.18* 20 5.60
C382--1=1t 2 * 2.7 2 * 2 v 9. 46 77 2 " 8.15 21.88% 13.73* 3.5
C382--2-1 2" 2.6 2 * 2 «81 22 * Mot
C382--3-1 2t 1.7 .2 2 * 2.3 * «90 .2 * 8451 14,21* 5.70*
C382~~u~1 2 .8 .3 2 * «81 2 * lbeb
C382--5-1 .2 % 2.8 2" 2 2.3 * 2 * 2 " 8.56 hu.66* 6.ty*
C382--6-1i 2 3.2 2 * 254 25,2 A 1.2 .2 10.9 7
C382-=7-14 2 * 3.7 o2 3 3.6 ol «2 % 102 18.8 * 8.6 * .08 .97
C382--8-1 .3 3.€ .2 * 3 2.3 * .95 2 * 8.87 16.72* 7.85% 10 .08
C382-t1-14 2" 4e2 2 * 2 * 2.3 * 2 2 8.11 15.61* 7.50*%
C382-20~-2 2 68 2 * 2 * 2 * 2 9455
G381---65 106000 NO SURFICIAL BEO SAMPLE AT THIS CORE SITE
C381--0-t 2.5 148.1 5.77 7.1 402.7 455 2.8 203 603, 82 583.52 59 « 115 2.719
C381==1~1 3.0 164, 1 5.50 17.5 359.9 4.50 3.6 20.5 578.60 558.18 55 107 2,193
C381-=3-1 2.7 173.€ bots 154 133.3 2.7 3.4 20.8 406.3 385.5 bh .0887 1.056
C381-=5=1 bet 493,91 (3] 3.1 16,7 3.3 1ok 1.0 30.54 76.51 45 «060 «335
C381-=8=1 «5h 7.03 3 2 * 2% 1.2 13.5 13
C38i1-11-1 3.3 45.86 le7 1.3 20.3 l.8 1.8 20.0 96.06 76.06 i «028 TR}
C38i=lu=1 2.2 234 .5 2 * 1e2 3.2 161 1]
C381=-18-2 2.6 29. 1 I.6 50 18.9 2.6 1.8 8.4 75.30 56.90 1] <217 « 669
C381-2u-2 7.8 115.9 3.4 +35 32.0 Bek9 4.3 3.5 205.48 170.98 14e8 0082 «280
C381-24-2 5.27 63,33 hets 2 653 6.71 22.3 1240
C381-3u-2 3.3 12.0 3 2% 2.2 1.8 1.3 16.3 W7.4 * 3.t * 3.6 1.02
C€381-32-2 Sebi 18.3 2 * 2 * 49.55 2.3 1.3 25.2 103.06* 77.86* 3.38 2.71
C381-4u=-2 5. 32 13.5 2 * 2 * 2 % 2.9 25.0 2.54
C381-u8~2 +99 1.3 w2 2 * 2 * 1.5 Taels 143
C381~56-2 .3 2 * 2 * 2 * 2.3 * 7.39 .72 16.9 28.21* 11.31%
C38t-62-2 #50 .3 .2 * 2 ® «2 % ot 12.6 b
FOLLOWING CORE(S) FROM CROSS SECTICN NEAR COLUMBIA RIVER MILE 38
G389--+85 10500 NO SURFICIAL BED SAMPLE AT THIS CORE SITE
C380--0-1 «50 28.9 .86 1.3 56476 .3 oh5 14.5 103.57 89.407 58 « 045 1.96
C380-~1-1 ol 12.7 .2 2 * 21.6 86 .3 1.7 47.96* 36.26" 30 .70
C380-~3-1 .3 15.3 45 «2 % 104 «50 2 12.8 40.15% 27.35% 50 +680
€380--5-1 2 bhot 2 % 2 * 9.91 2 * 2 * 1.8 33.81* 22.01* 60 «893
c380-14a-1 oS54 26.0 .72 2.2 11 2.0 14,5 48 . 085
C380-11-1 ol 20.0 «50 2 * 39,6 A «2 A o 16.3 50
C380-22-2 . 45 16.5 ol -1 o 72 72 16.5 37 'Ly
C380-34-2 .3 2.9 2 * 2 2 % 2 * 2% 10.5 1.7 * 4.2 * 10
C380~4yu-2 2 * 2.3 2 % 2 * et .86 143
6379---65 34900 NO SURFICIAL 3E0 SAMPLE AT THIS CORE SITE
1ot 37.9 1.2 let 2,3 * 2.3 1.3 15.6 63.4 * 47.5 * 34 037
»90 1.8 «50 2 * 2.3 % .3 -1 t2.1 28. 64" 16.56% 13
.3 16.2 «68 2" 2.3 * 2 * .3 1.7 31.88% 20.18% 50
C379--3-1 .81 36.7 Iel tel 2.3 * o7 «95 12,7 56,43% 43.73* 45 « 230
C379-~4~1 ol 4.59 3 2 * 45 .54 14.5 10
C379--5-1 77 12.2 «59 2 * 2.3 * 77 68, Hiet 28.641% 17.51* 16
C379-=7-1 .72 10.6 54 .2 1.2 1.5 12.5 15
C379-11-1 fel 2ok 2 * 2 2.3+ 9.68 1.5 18.9 36.28" 17.38* 2.2



DISTRIBUTION OF RADIONUCLIDES IN BOTTOM SEDIMENTS, COLUMBIA RIVER ESTUARY

APPENDIX 4. — Measured radionuclide concentrations and computed totals and ratios of radionuclides

in selected segments of cores from the estuary — Continued

INSITU RADIONUCLIO: CONCENTRATION (PC/G) RATIUS
SAMPLE GROSS
NUMBER GAMMA TOTAL
(CPM) coed ZN65 MNS4 SCub CRSY  RUI0E  ZRNBIS K4D TuTAL LESS ZN/CO SL/IN CR/LN
K40
C379-22-2 .2 2 * 2 2t oh 2 13.5
C379-24=-2 45 2 * 2" 2" 2.3 * 8.42 +93 18.6 31.36% 12.70%
C379-20-2 ol b .2 * «2 * 33.3 eha .72 13.9 43.0B% 35.76% I 8u
C379-24-2 .2 2 2" 2 * 29,7 2" +50 13.5 44.7u% 31.20*%
£373-3u-2 2t 2 .2 * 3 10.8 +86 .2 13.6 26.36% 12.76%
FOLLUAING CORE(S) FROM CRO>S SECTILN NEAR COLUMBIA RIVER MILE $I
G376=---65 25400 NQ SULRFICIAL BED SAMPLC AT THIS CORE SITE
C376-~u-1t 2.0 32,0 1ed 244 Tus. 4 2ets ot §5.6 16245 146.3 16 «d75 34293
3 =1 1.5 24,8 lots 1.8 b4.86 te5 W45 13.2 i03.51 96.31 ' “u73 2462
2-1 1.0 25.6 lot Lot 2 7 1.9 13.6 26 455
3-14 1.9 21.8 teu el S4.0% 2al «99 1.9 98.84 8294 ] su5UY 2e43
4=l 1e7 12.9 ol 2 * le6 1.8 1641 7.6
C376--3-1 1.5 B4l o2 ¥ 2 % 24,8 Ve «35 1.3 47.35% 35.45% 4.3 3.87
C376--8-14 3 3 .2 * Y4 o2 ¥ 2 135 L} o2
Cate~1i=t 2 f 2 o2 ® .2 35.6 oo 2% 1244 49.1 * 37.0 ¢
C376-23-2 +3 2 * 2 2 * 9.68 2.2 1542
C376-31-2 o4 .2 ¢ 2 * 2 2.3 % 7.81 -1 18.0 29.77¢ 1he77¢
€376-33-2 .2 " 2 ¢ .2 2 % 207 .2 2% liel 33.6 * 21.3 *
C376=-43-2 o2 * 2" 2 * 2 5.86 2 ¥ 2% .7 18.76% 7.06%
C376-45-2 2t 2 0* 2 2 0* 450 45 2% 2. 18,05% 5.35%
6375~---65 7400 NO SURFICIAL 3:cD SAMPLC AT THIS CORE SITE
C375-=-u~1 fel 68,96 X1 7.12 1569.8 3.6 3e4 14.8 26%9.59 254.79 63 103 2462
C375--1-1 by 8.6 3 «2 * 37.8 «63 ok buat 71.93* 57.83*% 36 2.140
C375-=3~1 ol 1.2 o3 53 14.9 .63 4 Hi.7 39.97 28.27 30 «U53 1633
C375=-=b=1 o Hi.3 2 * oT7 19.8 1+3 ol 9. 14 43.21% 34.17% 3o U068 be?>
C375-11-1 ol 9,28 ol 53 20,8 2 ® «2 * 1u.9 LR A4 35.87% 20 V64 2.67
C375-tu-2 .8t 10.8 o 2 * 2.3 * 3.83 let 6.3 Gleub® 2ho 74" 13
C375-10=-2 b 6413 2" 2 * 2.3 * 86 «2 * 10.9 21.19% 10.29% 20
€375-22-2 .72 631 .2 * 2 2.3 * 1.0 .4 tlete 22.,53% L3 8.8
€375-24=-2 .3 43 2 * 2 * 2.3 * +35 «2 % 1)eB 24 .25* B.45* (K]
C375-34-2 «5) 3.3 2 2t 2.3 ¢ 2 «2 % 12.9 13.80% 6+30% 6.6
C375-u42-2 2 2 W2 * 2 54 2% 12,7
€375-50-2 .2 oA 2 * 2 ¢ .3 «86 13414
FOLLCAING CORE(S) FROM CROSS SECTICN NEAR COLUMBIA RIVER MILF 27
6378~--~-65 V3uioo NO SURFICIAL 3ED SAMkL:- AT THIS CORE SITE
C378-~0-1 2.3 137.6° 4.B4 15.9 248.6 2.6 3ol 2045 435,54 415,04 60 .lle 1.807
C378--1-1 3.1 167, 4 6.17 28.1 339.2 bote 4l 2249 575.27 552437 54 168 2.026
C378--2-~1 5.36 18544 6,53 23.5 277.0 Sell 3.9 2402 531.u3 506.83 34 .6 127 1et34
C378~--3-1t 3.1 173.9 4,77 26,4 203.5 4.0 2.8 25.0 50147 476,47 56 «lul 1.545
C378--u4-1 3.7 213.9 5.18 22.7 250.0 545 4,68 26.3 5379 511.61 59 «lu3 1137
C378--5-1 2.0 101.2 2.1 8.38 73.42 246 2.7 17.3 203.70 192440 51 2 08c3 « 7250
C378--6-1 o 54 19.4 .2 2" 23 * el 95 12.7 37.39% 24.59% 36
C378-~4~1 ol 5.68 2 ¢ 2+ w81 «90 et 10
C378=-11=1 ol 5.32 2 * 2 * 2.3 * 63 2 * 9.91 19,16 9.25¢ 1o
C373-34-2 2 F .3 2 * 2 * 2.3 ¢ 2 * <2 * 10.9 T4e5 * 3.6 *
C378=44=2 2 ¢ 2" 20 20 2.3 ¢ 2 ¥ 2% 0.2 3.7 % 3.5 *
C378-u46-2 2 3 2t 2 * 2.3 * PR «2 % 1.t 13.7 * 3.6 *
C378~-u8-2 2 * 3 .2 * 2 * 243 * 2t «2 % 109 I4.5 * 3.6 *
C378~56-2 .2 * 2 * 2 ¢ 2 * 243 % .83 2 % Nuen 14e33% 3.93%
C378~-58-2 2 2" 2 * 2 * 2.3 * 2 ¥ 2 * 8.96 12.46% 3.50%
6377---65 38300 NO SURFICIAL 3EO SAMPLz AT THIS CORE SITE
C377--0~1 1.8 58+24 1.8 8ald 2554 1.9 2.2 18.4 347.85 329.45 32 «139 44385
C377=-=i-1 .99 | 4ot «50 1.3 71.62 « Sk «50 15.4 105.75 30.35 15 o2 .97
C377~-2-1 te3 37.1 1.3 4,77 244 2.3 4.3 29 129
C377~-3-1 .72 1.2 .2 " 2 ¢ 4.50 «59 2% 1342 2%.81% 7.6 1* 1e? 3.7
€377~ i 81 2.0 2 ¥ 2 * .2 * +90 13.5 2.5
c377-~ I 2.7 <99 2t 2 2.3 % lon .2 3.6 blev9e 7.99% 37
C377--7-1 +68 2 * o2 * 2 * 2.3 % 2 * 2 5¢54 ERET-ad 3,38%
C377--8-1 ol 3 2" 2 * 2.3 ¢ 2 * 3 748 11e38* 3.90* o7
C377=-11~-1 -3 2 2 2 % 2.3 ¢ 2 2% 5.0 d.b * 3.6 *
C377-15~1 2 2 " 2 2 0* 2.3 * 20 .2 .2 * 3.7 3.5 *
C377-16-1 o2 22 * 2 * o2 2.3 ¢ 6.85 .3 1.7 21.95* 10.25*
C377-17-1 .2 * .2 % 2 2 * 2 * «2* 11.9
C377-21-2 2 * 20 .2 * o2 2.3 * 2 * 2" 8,87 12.07% 3.50*
© C377-27-2 .3 .2 * 2 * 2 * 2.3 * 6.89 45 15.4 25.94% 10, 54%
C377-29-2 2" 2" 2 2 2 W2 % 12.8
C377-51~2 .2 * 2 ¢ 2 ¢ 2 2.3 ¢ 2" 2 * 8+38 11.88% 3.50*%
FOLLCWING GORE{S) FROM CROSS SECTICN NEA~ COLUMBIA RIVER MILE 23
6369---65 56700 NO SURFICIAL 3ED SAMPLc AT THIS COFE SITVE
€369~ | 1.3 90.72 3.6 1a.9 32344 4.3 2.3 19.4 456.52 437412 48 120 3.565
C369- 1 2.4 102.¢ 4.0 14.9 3311 Selts 3.7 20. | 483.34 463.24 w3 al46 3.246
C369=--2-1 2.2 93.69 3.1 7,02 I+6 3.7 15.3 3 «u7060
C369-~3-1 77 28.5 90 te3 3546 3.6 .86 13.6 85.13 71453 37. 204630 te220
C369--4-1 1.2 16.3 63 2 * 20 «90 11.8 Tae
C369=-=5-1 «68 3.8 2 .2 * 9,914 ol 3 12.9 5.6U
€369--3~1 3 1.3 .2 «2 % 13,0 A i 2% 12.8 b
C369-11-1 «2 .68 2 % o2 7.664A -1 2 % 13,0 3.
C369-2¢2-2 2 * W2 ¢ 2 * 2% 14,9 A o2 «2 % 146
C369-34-2 2 * 2 ¢ o2 * 2 % B.5B4 - 2 * 12,3
6373-~-65 88600 NO SURFICIAL BrD SAMFLE AT THIS CORE SITE
C373=-u=1 3.1 128. 4 5.09 17.2 Slh.h ba2 3.2 21.9 697,43 675.59 4l i34 4.006
C373=-=1=1 2.0 70.€3 2.0 i12.0 274.8 1.8 2.1 19.7 385.63 365,93 35. 70 3.891
0373--3-1 1.8 53.51 1.8 3.7 232.3 2.2 1.8 14.3 28141 26701 30. 0% 3.731
C373--4-1 1.8 30.6 fe0 Ie3 43,7 te2 1e2 15.% 96.5 8048 17, a2 1eu3
C373--5-1 1.5 15,4 +50 5% 23.9 1.7 lots 15ets U 34 44.34 10. 035 153
N373-=6~1 «99 6.80 2t W2 * 24.8 «99 .72 12,7 L7.40% 34.70% 6.9 3.635
2373-10-1 3.0 10.7 2" .2 Sue2 «95 (Y4 205 70.95* 50.45% 3.8 e Se2u
C373=11-) 2.0 6.08 2" 2 *F 25,7 .90 <81 19.0 54.39% 35.89% 3.0 4,23
C373=-22-2 .99 72 2t 20 2 .95 1.9 73
C373-34-2 ok 2.7 2 * 2 * 15,3 1e20 «39 13.6 34.59% 20439 7 5.7
C373-4t=-2 ol 2 * 2 * o2 * 2 ¥ o2t J.6te
FOLLCAING CORE(S) FRCM CROSS SECTICN NEAR COLUMBIA RIVER MILE 138
G 6---65 NO SURFICIAL BED SAMPLE AT THIS COkt SITE
C &=-g-1t Pet 30.4 1.3 ie6 19,5 22 «uB3 3464
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L60 TRANSPORT OF RADIONUCLIDES BY STREAMS

APPENDIX 4. — Measured radionuclide concentrations and computed totals and ratios of radionuclides
in selected segments of cores from the estuary — Continued

INSITU RADIONUCLIDE CONCENTRAYION (PC/G) RATIOS

SAMPLE GROSS
NUMBER GAMMA TOTAL

Py co60 ZNG5  MN54  SC4b CRS| RU106 ZRNBYS K40 TOTAL LESS ZN/CO SC/2N CR/ZN

K40

C 6--l-l et 25. 4 .90 56 1349 13 .21 5a7
C 6--2-1 .90 3.4 W90%  .90° 2.3 12
€ 6-=3-1 .90 .90%  .90%  .90* 32.7
€ 6--b4-1 u5e .77 J45% .54  20.8 W70 27
C 6--5-1 .90% 1.0 .90%  .90% 39.4 39
C 6==7-) « 45 .68 «45%  45% 26.7 39
C b=l12-1 45* .90 S45%  L45%  2i.4 24
c 6-17-1 J45* .68 245% 5% 22410 32
c 6=21-1 45 «59 «45%  L45% b4 28
C  6-26-i 45* .59 c45*  L45* 19.9 34
C 6-32-2 45" “54 45%  L45% 12,5 23
C 6-u0-2 . 45% .68 45 L45% 25,4 3/
C 6-44-2 «u5* JG5%  L45% W45 2647
C 6-50-2 < 45% .90 45%  Lu5% 27,0 30
C 6-58-2 cus® 72 45% 5% 29.4 30
6370-=-65 4900 NO SURFICIAL BED SAMPLE AT THIS COFE SITE
€370--0-1 2% 6.49 .3 o 24.8 o 2% 1.8 “e.59%  32.79* “ub 3.82
C370-=1-1 2% 486 .2 2% 2245 .59 2% 9.95 38.70%  28.75% 4.63
€370--3-1 2% bl 2 L2 v 9.0 .2 2% 9.4k 23.57% lu.1® 2.2
€370--5-1 2% 855 2% L2%  7.66 «45 2 r 9.5 22.96%  13.46* 1.68
C370-11-1 2% 3.8 2 2 s .90 2 ' 10.3 19.90% 9.60% [
C370-18-2 2 el 2% L2k 2t 2% 7416
c370-26-2 2. 2% 2v L2t 2% .2 9.28
C370-36-2 2. 2% W2% 2% 2.3 2% L2% 12.2 15.7 ¢ 3.5 ¢
6368---65 36200 NO SLRFICIAL BED SAMPLE AV THIS CORE SITE
C368--0-1 2.41 81,94 3.7 6.67 295.5 2.9 1.9 19.6 41661 395.00 36 .u8ib 3.606
C368-=i-1 1.8 46,76 1.5 3.3 137.4 1.9 Tets 1641 213,16 194.06 26 <071 2.938
€368--3-1 1.6 14.5 o 2% 8.56 1.9 .86  16.9 44.92%  28.02% 9.1 «590
C368--5-1 17 9.59 2% 2% 10.8 .99 .86 1546 39.94%  24,34* 5.6 1ot
c368-11-1 t.9 2.5 2% L2t 4.9 .72 ol 16.2 37.02* 20.82% 1.3 6.0
€368-16-2 .63 .59 2% 2% Su4l .72 .2 14,5 22.45% 7.95% .94 9.2
C368-34-2 2. 2% L2 2% 2.6 .90 2 d2.1 26.60¢  14.50°
C368-36-2 o4 2% 2% 2% 2.3% . 2% 1.9 15.8 * 3.9

FOLLOWING CORE(S) FROM CROSS SECTION NEAR COLUMBIA RIVER MILE I&

14600 NO SURFICIAL BED SAMPLE AY JHIS CORE SIVE
1.3 58.60 .90 7.52 1940.5 5.95 5.0 1643 286.07 209.77 45 .28 3.251
2 2.8 2 ® 2% 10.8 72 «2 * 10,5 25.62% 15.12¢ 10 3.9
.2 3.3 2" 2 * 3.2 +68 2% 1.0 18.98* 7.90% 20 «97
.3 3.6 3 ¢ 2% 0.6 «Sh 2% 1.7 27.24* 15.56% to 2.9
C371-10-2 ol 4.50 2" 2" 2 " 2 * Yubt 10
C371-16-2 45 7.93 2 +99 18.0 «81 2 % 113 39.33* 28.58% 18 o2 2427
€371-26-2 o2 “2.5 72 5.05 89.664 2ale 1.2 16.2 158,91 fu2.71 35 «119 2et)
C371-40-~2 o 10.8 <54 1ol 2245 .72 2 % 12.5 48.76% 36.26*% 30 «t0 2.08
C371~4y=~2 1ot 60.72 1.5 9.539 119.4 2.6 l.8 16.6 213.81 197.014 4“3 158 §.966
C371-46-2 <8 30.3 <68 2.6 174 «2 ' 1.5 14el 67.29*% 53.19* 37 + 086 «564
G367~=<65 29900 NO SURFICIAL BED SAMPLE AT YHIS CORE SITE
C367--0-1 - 86 20.6 -1 1.5 78.38 1.7 2 12.5 116,55 104.05 24 «0<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>